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Preface 


This manual describes the L64845 SGX SBus Graphics Accelerator from LSI 
Logic. It describes the SGX chip and the SGX card that can be made from LSI 
Logic’s SGX Manufacturing Kit. It also contains information that helps in the 
design of a custom SGX card. 

This manual does not include complete register descriptions or software infor¬ 
mation about the SGX. 


Audience This book assumes that you are familiar with microprocessors and related sup¬ 

port devices. The book is written for: 

■ Engineers and managers who are evaluating the SGX. 

■ Hardware engineers who are integrating the SGX into a system. 

Organization This book has the following chapters and appendices: 

■ Chapter 1, Introduction, provides an overview of the SGX. 

■ Chapter 2, Functional Description, describes the internal function of the 
SGX. 

■ Chapter 3, Signal Descriptions, describes the SGX I/O signals. 

■ Chapter 4, SBus Interface, describes the SGX SBus Interface. 

■ Chapter 5, Memory Interfaces, describes the SGX interfaces with memory. 

■ Chapter 6, Video Interface, describes the SGX interfaces with the video 
monitor. 

■ Chapter 7, Alternate Interface, describes the SGX alternate interface. 

■ Chapter 8, Specifications, provides AC specifications, DC specifications, 
and packaging information. 

■ Appendix A, Schematics, provides the schematics for the SGX card. 

■ Appendix B, The SGX Card, describes the SGX card configuration. 

■ Appendix C, Bt458 RAMDAC, describes the Bt458 RAMDAC. 
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Related Brooktree Product Databook, available from Brooktree Corporation, 

Publications 9950 Barnes Canyon Road, San Diego, CA 92121-2790. 

GX Installation Guide, available from Sun Microsystems, Inc. 

SBus Specification, Revision B, available from Sun Microsystems, Inc., 
2550 Garcia Avenue, Mountain \^ew, CA 94043. 

Single Chip GX Reference Card, available from Sun Microsystems, Inc. 

XGL Graphics Library Technical White Paper, available from Sun 
Microsystems, Inc. 

XGL Graphics Library Manuals, available from Sun Microsystems, Inc. 


Conventions Used The following signal naming conventions are used throughout this manual: 

in this Manual 

■ A level significa nt sig nal that is true or valid when the signal is low always 

has an overbar ( ) over its name. 

■ An edge significant sig nal th at initiates actions on a high to low transition 

always has an overbar ( ) over its name. 

Hexadecimal numbers are indicated by the prefix “Ox” before the number—^for 
example, 0x32CF. Binary numbers are followed by a subscripted 2. 
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1.1 

General 

Description 


Chapter 1 
Introduction 


This chapter provides an overview of the LSI Logic’s L64845 SGX SBus 

Graphics Accelerator. It is divided into four sections: 

■ Section 1.1, General Description, briefly describes the SGX and the 
SGX card. 

■ Section 1.2, SBus Family Description, describes some of LSI Logic’s 
other SBus products. 

■ Section 1.3, Internal Organization, briefly describes the internal 
organization of the SGX. 

■ Section 1.4, Features Summary, lists the important features of the 
SGX. 


The SGX is an SBus-compatible, 8-bit color/grey-scale Graphics Acceler¬ 
ator which incorporates all the logic necessary for a complete and highly 
integrated graphics subsystem. 

LSI Logic produces the SGX using its 1.0-micron drawn gate length (0.7- 
micron effective channel length) process. It is produced and marketed in a 
223-pin ceramic pin grid array (CPGA) package. 

A high performance graphics accelerator card can be created by adding 
eight 128K x 8 VRAMs, a R AMD AC, an external boot PROM and some 
connectors (with connecting logic). 

LSI Logic provides a manufacturer’s kit for an SGX single-wide SBus 
Graphics Accelerator card. The card connects directly to both the older 66- 
Hz and the newer 76-Hz Sun color monitor. The card is 100% software 
compatible with SPARCstation GX software and works with the SPARC- 
station 1, SPARCstation 1+, SPARCstation 2, SPARCstation IPC, and 
SPARCstation IPX workstations. 
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Figure 1.1 shows a block diagram of the SGX card. An identical block dia¬ 
gram with signal names can be found in Appendix A, “Schematics.” 


Figure 11 
SGX Card 
Block Diagram 


To CPU Platform 
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M 

SBus Family 
Description 


In addition to the SGX, LSI Logic supplies several other components for 
the SBus architecture. These components provide video interfaces, DMA 
control, and an interface to the Mbus. 

Video Interfaces 

The L64825 SBus Video Frame Buffer and the L64855 SBus Graphics 
Controller each provide a complete interface between an SBus and a 
monochrome or color gr^hics subsystem. Both controllers support the 
Sun workstation monitor resolution of 1152 x 900, while the L64855 also 
supports higher resolution monitors and the less expensive Super VGA 
monitors. 

DMA Controllers 

The L64853 and L64853A SBus DMA Controllers each provide a com¬ 
plete SBus interface, with independent 16- and 8-bit DMA channels. 

Both channels support DMA for use in applications that require operation 
as an SBus master. Such applications include Ethernet and SCSI bus 
controllers. 

The two channels can also be used for applications that rely on pro¬ 
grammed I/O and thus only use the L64853A’s SBus slave capability. Such 
applications include serial ports and analog-to-digital converters. 

Mbus-to-SBus Interface 

The L64852 Mbus/SBus Interface and Controller (M2S) is a high-perfor¬ 
mance CMOS integrated circuit that provides all of the control, arbitration, 
and memory-management functions needed to interface the Mbus to SBus 
subsystems, such as the SGX card. 

The M2S converts bus protocol while moving data between Mbus and 
SBus devices. When an Mbus device initiates I/O with an SBus device, the 
M2S chip responds as an Mbus slave and then becomes the SBus master 
for the data transfer. When an SBus device initiates a data access to the 
Mbus, the M2S chip responds as an SBus slave and then becomes the 
Mbus master. 


Introduction 


1-3 



1.3 

Internal 

Organization 


The SGX chip can be divided into three main functional blocks: 

■ Transformation Engine - Transforms 2D and 3D coordinates. 

■ Hardware Cursor - Generates the cursor. 

■ Frame Buffer Controller (FBC) 

- Executes the DRAW, BLIT, and FONT commands. 

- Performs object picking and clipping. 

- Controls foreground and background color, raster operations, 
plane masking, pixel masking, and the pattern used for operations. 

- Controls VRAM address multiplexing. 

Chapter 2, “Functional Description,” describes these blocks in detail. 

The SGX chip contains the following interface logic: 

■ SBus interface (to SBus) 

■ Memory interfaces 

- ROM interface (to PROM) 

- Frame buffer interface (to VRAM) 

■ Video interfaces 

- DAC interface (to RAMDAC) 

- \^deo timing interface (to video connector) 

■ ALT interface (unused, reserved for future expansion) 

Chapters 4, 5, and 6 describe these interfaces. 

Figure 1.2 shows the internal organization of the SGX. 


M 
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Figure 1.2 
SGX Chip Block 
Diagram 
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1.4 

Features 

Summary 


The SGX has the following features; 

■ Hardware cursor (32 x 32 pixels in three colors) 

■ Frame buffer (VRAM) and RAMDAC interfaces 

■ Flat shading in hardware 

■ Three graphics data modes: 

- Five-bit grey-scale (anti-aliased, high-resolution monochrome) 

- One-bit two-color 

- Eight-bit full-color gr^hics (256-color display, 16.8 million color 
palette) 

■ 2D/3D clipping (pick or render mode) 

■ Hardware 2D/3D transformations (translate, scale and rotate) 

■ Hardware DRAW, BLIT and FONT commands with optional raster 
operations, plane masking, and stenciling capabilities 

■ 46-MFLOPS 4x4 matrix transformation engine with a 64-register file 
and a 32-bit, signed multiply/accumulator (for matrix concatenations, 
dot products or convolutions) 

■ Hardware support for a generalized graphics pipeline with the follow¬ 
ing options: 

- Modeling and viewing transform 

- 2D/3D clip check 

- Perspective divide 

- 'Virtual device coordinates transform 

■ Manufactured using a 1.0-micron drawn gate length (0.7-micron effec¬ 
tive channel length) process and supplied in a 223-pin Ceramic Pin 
Grid Array (CPGA) 

■ Includes all necessary drivers to support Solaris 1.X 

■ Supports Sun’s Direct Graphics Access (DGA) software acceleration 

■ Manufacturing kit available for the one-slot SGX SBus card 
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Chapter 2 

Functional Description 


2.1 

Graphics 

Acceleration 


This chapter describes the internal function of the L64845 SGX SBus 

Graphics Accelerator. It is divided into four sections; 

■ Section 2.1, Graphics Acceleration, explains hardware graphics 
acceleration in the SGX. 

■ Section 2.2, Software Support, discusses software support for the 
SGX. 

■ Section 2.3, Capabilities, describes the functional capabilities of the 
SGX. 

■ Section 2.4, Internal Logic, describes the main functional blocks of 
the SGX. 


The SGX improves on simple frame buffer architectures by using hard¬ 
ware graphics acceleration. 

Frame buffers are areas of video memory (usually VRAM) into which the 
CPU directly writes pixel data. A display area is represented as a series of 
horizontal lines each made of adjacent pixels. When a program draws a 
horizontal line into memory, it simply fills a series of adjacent memory 
locations with data that represents the pixel color. Drawing the line 
requires two or more instructions for each word of pixel data: one instruc¬ 
tion is required to write the data and at least one instruction is required to 
step to the next pixel. An arbitrary sloped line can take many hundreds of 
calculations to draw. 

The SGX architecture places an intelligent processing capability between 
the CPU and the frame buffer. This processing capability enables the CPU 
to send high-level commands to the frame buffer instead of sending 
individual pixel values. So when the CPU tells the SGX to draw a line, it 
only needs to send the two end points and the line color (or intensity). The 


Functional Description 


2-1 





Figure 2.1 
Graphics 
Acceleration 


SGX then calculates the individual pixel values for the operation and 
writes these pixels to video memory. 

Graphics Acceleration improves system efficiency by off-loading time 
consuming tasks from the CPU. It also reduces the bus load, since the CPU 
sends less data to the SGX than it would to a simple frame buffer. 

Figure 2.1 illustrates the difference between a simple frame buffer and one 
with a graphics accelerator. 


Frame Buffer 



Frame Buffer with Graphics Accelerator 



Please note that a simple frame buffer configuration is sometimes called a 
dumb frame buffer (DFB). The L64825 SBus \fideo Frame Buffer is con¬ 
sidered to be a DFB. 


Graphics acceleration makes good use of RISC principles. According to 
these principles, it is best to perform a complex task by using low-level 
primitives. Graphics operations such as drawing, clipping, filling, block 
move operations, and geometric transformations can be structured so that 
they are performed by a small number of primitive operations in hardware. 
The SGX often performs graphics operations much faster than the CPU, 
but it is difficult to measure the performance speedup since the CPU can 
perform other tasks while the graphics coprocessor is rendering pixels to 
the screen. Also some graphics operations lend themselves to hardware 
acceleration more readily than others. 

The SGX provides the greatest performance improvement when rendering 
clipped 3D images with perspective. This performance improvement is 
due to an integrated 4x4 matrix multiplier in the SGX. The algorithms 
used for 3D transformations, including those for rotation, translation, scal¬ 
ing, shearing, and perspective divide, all require 4x4 matrix operations. In 
these operations, three of the four matrix terms are used to represent the x. 
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Software Support 


y, and z axes; the fourth matrix term is used as a normalizing function that 
reduces the total number of calculations required for a series of complex 
transformations. 

The following equation illustrates one possible matrix transformation. 
This particular example performs a 3D rotation about the Z axis by 0°. 



COS0 

-sin0 0 0 


X 

— 

sin0 

-COS0 0 0 

X 

y 


0 

0 1 0 


z 


_ 0 

0 0 1 


K 


Similar (but more complex) calculations are used to map and clip images 
into a viewport and to add perspective. The more transformations that are 
required to render an image, the greater the performance improvement 
with the SGX. 


All of the functions that can be performed in 3D can also be performed in 
2D. For rotation, scaling, shearing, and clipping of 2D images, only three 
of the four matrix terms are used: the first two for the x and y dimensions, 
and the third for the normalizing function. Perspective divide is not com¬ 
monly used with 2D images. 


LSI Logic does not currently support software for the SGX, but the driver 
is a part of Solaris 1.0. 

Software accesses the SGX functionality in two ways: 

■ System software accesses the SGX window display and movement 
functions. 

■ Software compiled with Sun Microsystem’s XGL Graphics Library, 
SunPhigs or SunGKS uses the SGX acceleration features for rendering 
of 2D and 3D images with optional clip checking and perspective. 

The SGX accelerates windowing performance by providing high-level 
hardware functions for window display, movement, and clip checking. To 
use these SGX system-level functions, the appropriate device driver must 
be linked into the kernel. This procedure is usually performed automati¬ 
cally during system start-up. See the installation instructions from Sun 
Microsystems for more information on device driver installation. 
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2.3 

Capabilities 


Graphics Modes 


The XGL Graphics Library is a library of C functions that supports both 
immediate and display-list picking. It supports rendering of 2D and 3D 
clipped and depth-cued images using either an indexed or an RGB color 
model. The XGL functions support ambient, positional, spot, and direc¬ 
tional light sources for both flat and Gouraud shading. XGL functions 
work with any Open Windows supported tool kit or window manager and 
are fully compliant with the X AMndow System protocol. The library 
includes functions for context and attribute setup, line rendering, curve 
rendering, curve/surface tessellation, surface rendering, marker rendering, 
stroke fonts, and object picking. See Sun Microsystem’s XGL Graphics 
Library Technical White Paper for additional general information and the 
XGL Graphics Library Manuals for additional detailed information. 


This section describes the capabilities of the SGX as implemented with the 
LSI Logic L64845 SGX Manufacturing Kit. It is divided into three subsec¬ 
tions: 

■ Graphics Modes 

■ Commands 

■ Advanced Operations 

These capabilities are all under software control. 


The SGX supports three graphics data modes: 

■ High Resolution Monochrome Mode (HRMONO) 

■ Two Color Mode (COLOR 1) 

■ Full Color Mode (COLORS) 

These modes are described below. 

High Resolution Monochrome Mode (HRMONO) 

This mode provides a single-plane, antialiased, high-resolution mono¬ 
chrome display (using five bits of data per physical pixel). 

A programmer sees the resolution as four times the actual screen resolution 
in both the x and y directions. For a 1152 x 900 pixel screen, the software 
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Commands 


sees a frame buffer size of 4608 x 3600 sub-pixels (16 sub-pixels for each 
physical pixel). 

The SGX logically maps this large address space into the frame buffer 
address space. The resultant grey-scaled values are used to partly turn on 
selected pixels on the edge of an object. This technique, antialiasing, 
smooths the jagged or sawtooth forms that can appear on diagonal lines 
and high contrast edges. 

Two Color Mode (C0L0R1) 

This mode provides one-plane color (one bit, two colors). All pixels are 
displayed on the screen in either the background color, the foreground 
color, or a blend of the two colors. 

The image is expanded to eight planes of data with the correct raster oper¬ 
ation and color. The addresses are pixel coordinates. 

Full Color Mode (COLORS) 

This mode provides eight-plane color (eight bits of data mapped to one dis¬ 
play pixel). A 256-entry 24-bit-wide color look-up table (GLUT) allows 
the display of 256 (2^) colors out of a palette of 16,777,216 (2^) colors. 
The addresses are pixel coordinates. This mode is the only mode used for 
unaccelerated frame buffer accesses. 


The SGX accelerates three basic graphics commands that are normally 
performed by the CPU: 

■ DRAW 

■ BLIT 

■ FONT 

These functions are described below. 

DRAW 

The DRAW command draws points, lines, triangles, rectangles, and quad¬ 
rilaterals using integer coordinates and a dual Bresenham algorithm to per¬ 
form scan conversion into the frame buffer. A 16-by-16 monochrome 
repeating pattern can be used when rendering an object with the DRAW 
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command. The pattern can be aligned in both the x and y dimensions. This 
pattern can be overridden by specifying an option for a pattern of all ones 
or zeros. 

A raster operation may be performed during the transfer. The raster opera¬ 
tion determines a new destination pixel value by applying a logical opera¬ 
tion on the corresponding source and destination pixels. A linear raster 
operation can be used for grey-scale antialiasing. The raster operation also 
expands the monochrome pattern data into the specified foreground and 
background colors. 

BLIT 

The BLIT (Block Image Transfer) command moves a rectangular block of 
pixels from one location to another equivalent-sized location within the 
frame buffer. The software specifies the source and destination areas for 
BLITs by loading the diagonal comers of source and destination regions 
into vertex registers. If the source and destination regions overlap, then the 
block is moved in such a way that the written destination data does not 
eradicate source data that has not yet been moved. The BLIT command 
always assumes COLORS mode and pixel coordinates. 

A raster operation may be done during the transfer. 

FONT 

The FONT command transfers a raster image into the fi’ame buffer using 
precomputed bit maps. Images described in a single-plane data stracture 
can be written to the frame buffer in HRMONO and COLOR 1 mode. 
Images described in an eight-plane data structure can be written to the 
frame buffer in COLORS mode. For COLORl mode, the image is 
expanded to eight planes of data with the correct raster operation and color. 
For HRMONO mode, the image is expanded to the proper grey scale val¬ 
ues. The data is transferred 32 bits at a time providing up to 32 mono¬ 
chrome pixels, 32 monochrome sub-pixels, or four S-bit color pixels. 

The SGX determines the target location for the font by loading the hori¬ 
zontal left and right edges of the font as well as its scan line y-value. This 
mechanism allows the rendering of fonts with different pixel widths on the 
same font scan line. The same clipping and address processing logic used 
for drawing is then used to draw the font characters, with the font charac¬ 
ters themselves treated as the source data for writing to the VRAM. 
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Advanced 

Operations 


For the FONT command, the SGX supports x-y addressing, address auto¬ 
incrementing, clipping, font width specifications and frame buffer align¬ 
ment. An optional raster operation may be done during the transfer. 


The SGX includes a large number of operations which are not normally 
available in a single-chip graphics accelerator. These operations include: 

■ Clipping 

■ Raster operations 

■ Masking 

■ Transformations 

■ Hardware cursor support 

■ \fideo timing generation 

■ Graphics Transformation Pipeline 

These operations are described below. 

Clipping 

Graphics operations need only be performed on objects and portions of 
objects that are within a viewing window (a rectangle for 2D, a viewing 
pyramid for 3D, or a double pyramid for homogeneous graphics). The pro¬ 
cess of selecting what objects are within a window is called clipping. The 
SGX allows two modes of clipping: 

■ Render mode 

■ Pick mode 

In render mode the card clips an object to the interior of the clip window 
and then renders it into the frame buffer. 

In pick mode the object is not rendered to the frame buffer. Instead, the 
pick status bit is set if any part of the object falls inside the clip window, 
indicating that a graphics operation will write data to the frame buffer. 

Raster Operations 

Raster operations allow boolean operations to be done in COLOR 1 or 
COLORS mode and linear operations to be done in HRMONO mode. 
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There are 16 different boolean operations (linear operations are a subset of 
these 16) that may be done on the source and destination pixels. Fore¬ 
ground and background colors may be specified to provide mapping from 
monochrome data to color data. 

Masking 

Two types of masking are available: 

■ Plane masking 

■ Stenciling 

Plane masking is used to enable or disable writes to each of eight individ¬ 
ual planes. 

Stenciling aligns a 32-bit pixel mask to the screen and enables or disables 
writes to individual pixels within all the planes simultaneously. 

Transformations 

The SGX supports up to 4 x 4 matrix arithmetic that can be used to trans¬ 
late an object from one location to another, to scale an object, and to rotate 
an object about an arbitrary point. The hardware also supports generalized 
vector operations. It can perform matrix concatenations, dot products, and 
convolutions. The SGX transforms virtual device coordinates into screen 
coordinates, so transformation results may be displayed direcdy. These 
transformations accept and produce signed integer, signed fixed point (16 
bits), or single precision IEEE floating-point coordinate values. 

Hardware Cursor Support 

The SGX provides a programmable 32 x 32-pixel hardware cursor in three 
colors (using two bits). 

Video Timing Generation 

The SGX provides programmable vertical and horizontal timing signals 
for the monitor. 

Graphics Transformation Pipeline 

The SGX hardware also supports a generalized graphics transformation 
pipeline consisting of four optional functions: 
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2.4 

Internal Logic 


■ Modeling and viewing (MV) transform - transforms an image from 
world coordinates to viewing coordinates and performs transforma¬ 
tions (including scaling, rotation, and translation) 

■ 2D/3D clip check - clips the image within a rectangle for 2D, a view¬ 
ing pyramid for 3D, or a double pyramid for homogeneous graphics 

■ Perspective divide - projects 3D points onto a projection plane with 
perspective 

■ \^rtual device coordinates (VDC) transform - transforms the image 
into final screen coordinates 


The internal logic of the SGX chip is implemented in three main blocks: 

■ Transformation Engine 

■ Hardware Cursor 

■ Frame Buffer Controller (FBC) 

Descriptions of these blocks follow Figure 2.2, which shows a block dia¬ 
gram of the internal logic of the SGX. 


Functional Description 
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Figure 2.2 
SGX Chip Detailed 
Block Diagram 
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Transformation 

Engine 


The Transformation Engine portion of the SGX transforms 2D and 3D 
coordinates. It contains three functional blocks of interest: 

■ Data Converters 

■ Register File 

■ Multiplier Accumulator (MAC) 

Descriptions of these blocks follow. 

Data Converter 

The data converter converts data between the Transformation Engine’s 
I/O data formats and its internal format. Data written directly to the Trans¬ 
formation Engine is always 32-bits wide. 

The following data types are supported and are externally accessible: 

■ Single-precision IEEE floating-point: one sign bit, eight exponent bits, 
and 23 fraction bits 

■ Two’s complement fixed point: signed 16 integer bits, and 16 fraction 
bits 

■ Two’s complement integer: signed 32 integer bits 

Register File 

The Register File is a 64-entry, 32-bit-word multiport file used for storage 
of source, intermediate, and result data. The built-in routines in the Trans¬ 
formation Engine make use of this storage area for the calculation of 2D 
and 3D clipped transformations, including rotation, translation, scaling, 
shearing, and perspective divide transformations. 

Multiplier Accumulator (MAC) 

The Multiplier Accumulator (MAC) is a hard-wired, 32 x 32 signed matrix 
multiplier/accumulator. The MAC has a pipelined architecture and is capa¬ 
ble of supporting 50 million floating-point operations per second. 

The datapath logic supporting the hard-wired MAC (also called a Hard 
MAC) supports cyclic and divide operations. The multiplicand is taken 
directly from the register file. The multiplier is either reused, divided down 
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Hardware Cursor 


Frame Buffer 
Controller (FBC) 


by the division send unit, or taken from the register file. The Transforma¬ 
tion Engine’s MAC uses an internal format that is hidden from the user. 


The logic for the hardware cursor contains the following main blocks: 

■ Cursor RAM 

■ Barrel Shifter 

Descriptions of these blocks follow. 

Cursor RAM 

To store the cursor shape, two blocks of 32 x32-bit RAM are used. This 
configuration supports a cursor with four colors, of which one is transpar¬ 
ent. The transparent color is used in a read-modify-write cycle to logically 
add back already resident data from where the cursor is to be drawn. This 
operation is repeated every time the cursor is moved. 

One color is used for the cursor body, and the opposite color for the cursor 
outline. Use of such color inverting ensures that the cursor does not disap¬ 
pear when rendered on a solid object of the same color. The third color can 
be used for cursor detail. 

Barrel Shifter 

The Barrel Shifter reads the current x and y location of the cursor and 
rotates the data in the cursor RAM so that the cursor data aligns with pixel 
word boundaries. 


The FBC portion of the SGX executes the DRAW, BLIT, and FONT com¬ 
mands and also performs object picking and clipping. It controls fore¬ 
ground and background color, raster operations, plane masking, pixel 
masking, and the pattern used for operations. It is also responsible for all 
VRAM address multiplexing. 

The FBC supports the same data types as the Transformation Engine. Note, 
however, that the FBC processes arbitrary filled quadilaterals. The quadi- 
laterals can be self-intersecting and degenerate. The FBC can therefore 
render points, lines, and triangles since they are all instances of degenerate 
quadilaterals. 
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The FBC contains seven functional blocks of interest: 

■ Coordinate Staging Logic 

■ Coordinate Sequencer 

■ Functional Address Generator 

■ Mask Generator 

■ Linear Address Generator 

■ Datapath and Memory Interface 

■ Timing and Refresh Logic 

Coordinate Staging Logic 

To define each quadilateral, up to four x, y coordinate pairs are loaded into 
the Coordinate Staging Logic. The FBC supports special addressing 
modes to allow the definition of degenerate quadilaterals without loading 
redundant vertices. The FBC also supports chained addressing so that 
common points in polylines do not need to be written to the FBC more than 
once. 

The Coordinate Staging Logic extracts the x, y pixel coordinates from the 
pixel addresses sent to the FBC from the CPU, or passes x, y coordinates 
through from the Transformation Engine. 

The Coordinate Staging Logic then creates setup status information based 
on the vertices of the polygon. (An example of setup status information is 
data that indicates whether the object is to be scanned from bottom to top, 
or top to bottom.) 

Coordinate Sequencer 

The Coordinate Sequencer determines which pairs of edges of the polygon 
are to be drawn. Combinational decoding determines whether the polygon 
is self-intersecting, hidden, or degenerate. Information on the x boundary 
and the y addresses for the two selected edges are then passed on for actual 
address generation 

Functional Address Generator 

The Functional Address Generator uses a modification of the standard 
Bresenham line-drawing function to calculate the edges of the polygon. 


Functional Description 


2-13 



See any college-level text on computer graphics for a description of the 
Bresenham function. 

The Functional Address Generator contains two Bresenham engines. Each 
engine calculates one x coordinate for each y coordinate that is passed 
from coordinate sequencing. The Functional Address Generator also con¬ 
tains clip boundary information. The Bresenham engines walk the polygon 
boundary as fast as the mask generation logic can accept data. 

Degenerate quadilaterals, such as points and lines, simply cause the two 
Bresenham engines to process the same edge. The two engines run in par¬ 
allel and so there is no loss in performance. 

Mask Generator 

The Mask Generator calculates the intersection of the clip window and the 
edges of the polygon to determine which pixels in the frame buffer need to 
be changed. 

Clipping is a computation-intensive process. The FBC uses a standard 
two-pass clipping algorithm. The first pass eliminates all polygons that fall 
outside a clip test window (a window that is larger than the clip window). 
Software can set the size of the clip test window. The second pass performs 
clipping on the polygons that intersect the clip window. 

Linear Address Generator 

The Linear Address Generator calculates a series of horizontal pixel 
addresses using the edge coordinates that were passed from the mask gen¬ 
eration logic. Prior to this stage, the FBC has only processed the edges of 
the polygon, since the edges have provided all the necessary boundary 
information. To generate intermediate pixel values, the Linear Address 
Generator first creates a scan line and then fills the scan line with data from 
pattern RAM. 

Datapath and Memory Interface 

The Datapath and Memory Interface generates the final pixel to be written 
to the VRAM frame bufier (or the CPU) by merging the bit mask informa¬ 
tion with the linear address. If rendering is not enabled (as in pick mode) 
the data is not written back to the frame buffer, but it may be read by the 
CPU via the SBus interface. 
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Signal Definitions 


This chapter defines the interface signals of the L64845 SGX SBus Graph¬ 
ics Accelerator. It is divided into nine sections: 

■ Section 3.1, SGX Logic Symbol, shows the SGX’s logic symbol. 

■ Section 3.2, SBus Interface Signals, describes the SGX signals that 
interface with the SBus. 

■ Section 3.3, ROM Interface Signal, describes the SGX signal that 
interfaces with the ROM (PROM). 

■ Section 3.4, Frame Buffer Interface Signals, describes the SGX sig¬ 
nals that interface with the frame buffer (VRAM). 

■ Section 3.5, Video Connector Interface Signals, describes the SGX 
signals that interface directly with the video connector. 

■ Section 3.6, DAC Interface Signals, describes the SGX signals that 
interface with the DAC (RAMDAC). 

■ Section 3.7, ALT Interface Signal, describes the SGX signal that has 
been set aside to interface with an optional external device. 

■ Section 3.8, Clock Input Signals, describes the SGX clock input 
signals. 

■ Section 3.9, External TVansfer Signal, describes the external transfer 
signal. 

Appendix C, “Bt458 RAMDAC,” describes all of the Bt458 RAMDAC 
signals. 

Chapters 4, 5 and 6 show the functional waveforms for the interface 
signals. 

For information on the electrical characteristics of these signals, see 
Chapter 8, “Specifications.” 
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The signal input and output direction is relative to the SGX chip. 


3.1 Figure 3.1 shows the logic symbol for the SGX. In the figure, a bar over 

SGX Logic the signal name indicates the signal is active LOW. Arrows indicate 

Symbol whether the signal is an input, an output, or bidirectional. 


Figure 3.1 
SGX Logic Symbol 


-► BOSOE[1:OI 

-► B1S0E[1:0] 

-►CAS[1:0] 

-► OE[1:0) 

-► PDB08[7:0] 

■< -► PDB19[7:0] 

-► PDB2A[7;0] 

-► PDB3B[7;0] 

-► PDB4CI7:0] 

-► PDB5D[7:0] 

-► PDB6EI7:0] 

^ -► PDB7Fp:0] 

-► RAS[1:01 

-► SCK[1:0] 

-► VA[8:0] 

-► WC[1:0] 

-► WRP:0] 


-^-BUNK 

CSdaC 

DOTCLK 

LDCLK 

0L[H:A]I1:0] 


Sbus interface 


Video Connector 
Interface 


Clock Inputs 

ROM Interface 

ALT Interface 

External Transfer 
Signal 


SBA CK[2:0] ^ 
SBaS- 
SBCLK- 
SBD[31:0]- 
SBiRQ5< 
SBRD- 

SbreSeT- 

SBPA[23:0]- 

SBSEL- 

SBSIZ[2:0]- 

CSynC- 

ID[2:0] • 

ALTOSC- 
MAINOSC- 

CSROM^ 





Frame Buffer 
Interface 


DAC interface 


3.2 This section describes each signal that interfaces the SBus with the SGX 

SBus Interface chip. SBus signal names are prefixed with ‘SB’ and are listed in alphabet- 
Signals ical order. 

For more information on the SBus see Chapter 4, “SBus Interface,” or refer 
to The SBus Specification. 
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SBACK[2:0] SBus IVansfer Acknowledge Output 

These output signals indicate the conclusion of an SGX SBus trans¬ 
action to the SBus. These signals are usually 3-state and are only 
actively driven during the two last cycles o f an SGX SBus access. 
The following table shows the encoding of SBACK[2:0]. 

Bit 2 Bit 1 BitO Encoding 

1 1 1 Idle/Wait 

110 Error acknowledgment 
10 1 Byte data acknowledgment 

10 0 Rerun acknowledgment 

Oil Word data acknowledgment 
0 10 Reserved 

0 0 1 Half-word data acknowledgment 

0 0 0 Reserved 

SBAS SBus Address Strobe Input 

This input signal indicates that the SBus address, data, and control 
signals are now valid on the SBus. 

SBCLK SBus Clock Input 

This input signal provides the basic timing for the SGX SBus inter¬ 
face logic. SBCLK should run in the 16-25 MHz range and should 
be symmetrical. 

SBD[31:0] SBus Data Bus Bidirectional 

These signals transfer data between the SGX and the SBus. They 
may also contain virtual addresses from a SBus master before the 
addresses go through the MMU translation. 

SBIRQ5 SBus Interrupt for Vertical Blanking Output 

This signal is used by the SGX to request an SBus interrupt during 
vertical blanking. 

SBPA[23:0] SBus Physical Address Bus Input 

These signals contain the physical address of the data. The SGX 
uses 24 of the 32 SBus address lines. The physical address is driven 
to a valid state no later than the next clock cycle after SBAS is 
asserted, and remains stable until the next clock cycle after SBAS 
is deasserted. 

SBRD SBus Read/Write Input 

This signal tells the SGX whether the current SBus request is a read 
(HIGH) or a write (LOW). 
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3.3 

ROM Interface 
Signal 


3.4 

Frame Buffer 
Interface Signals 


SBRESET SBus Reset Input 

This signal usually causes the SGX to reset to a known state. It is 
used in test mode. 


SBSEL SBus Slave Select Input 

This signal indicates that the SBus master is selecting the SGX for 
access. 


SBSIZ[2:0] SBus Data Size Input 

These signals tell the SGX the data size of the current access. These 
lines are only used when SBSEL and SBAS are active. The SGX 
returns an error if the SBSIZ lines indicate that a burst cycle has 
been requested. 


This section describes the signal that interfaces the onboard PROM with 
the SGX chip. 

CSROM ROM Chip Select Output 

This output signal drives the OE and SE PROM inputs. It is 
asserted LOW when the SGX detects an SBus access intended for 
the PROM. 


This section describes each signal that interfaces the frame buffer 
(VRAMs) with the SGX chip. The signal names are listed in alphabetical 
order. 

B0SOE[l:0] VRAM Serial Output Enable for Buffer 0 Output 

These output signals drive the VRAM SOE inputs. BOSOEO drives 
a bank processing the first four pixels, BOSOEl drives a bank pro¬ 
cessing the second four pixels. In the SGX card, B0SC)E[1:0] alter¬ 
nate for each shift clock so the VRAM can multiplex eight pixels 
into the four-pixel DAC input. These signals are synchronous 
within the oscillator input selected for video timing generation 
(MAINOSC or ALTOSC). 

B1SOE[1:0] VRAM Serial Output Enable for Buffer I Output 

B1SOE[1:0] is intended for double-buffered boards and is not sup¬ 
ported in the current SGX card implementation. 

CAS[I:0] Column Address Strobe for Buffer I / Buffer 0 Output 

These output signals drive the VRAM CAS inputs. These signals 
indicate that the current address is a DRAM column address. 
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CASl is intended for double-buffered boards and is not supported 
in the current SGX card implementation. 

OE[1:0] Output Enable for Buffer 1 / Buffer 0 Output 

These output signals drive the VRAM OE inputs. These signals 
enable the VRAM output during reads. 

OEl is intended for double-buffered boards and is not supported in 
the current SGX card implementation. 

PDBxx[7:0] Pixel Data Bus Bidirectional 

These signals are the eight-pixel bidirectional data lines between 
the SGX and the VRAM.The following table shows how the data 
lines should be connected. In the table, Pixel 0 is the left-most pixel 
and pixel 7 is the right-most pixel. 

VRAM Bank Data Buffer 0 Buffer 

0 PDB08 Pixel 0 Pixel 0 

0 PDB19 Pixel 1 Pixel 1 

0 PDB2A Pixel 2 Pixel 2 

0 PDB3B Pixels Pixel 3 

1 PDB4C Pixel 4 Pixel 4 

1 PDB5D Pixel 5 Pixel 5 

1 PDB6E Pixel 6 Pixel 6 

1 PDB7F Pixel? Pixel 7 

1. Signals reserved for use in double-buffered 
configuration. 

RAS[1:0] Row Address Strobe for Buffer 1 / Buffer 0 Output 

These output signals drive the VRAM RAS inputs. These signals 
indicate that the current address is a DRAM row address. 

RASl is intended for double-buffered boards and is reserved for 
future use. 

SCK[1:0] Serial Shift Clock for Buffer 1 / Buffer 0 Output 

These signals drive the VRAM SC inputs. This output is synchro¬ 
nous with the oscillator input selected for video timing generation 
(MAINOSC or ALTOSC). 

SCKl is intended for double-buffered boards and is reserved for 
future use. 

VA[8:0] VRAM Address Output 

These signals drive the VRAM A[8:0] inputs. The linear address 
bits that appear on the VA[8:0] bus are a function of the memory 
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3.5 

Video Connector 
Interface Signals 


control operation and the type of VRAM. The following table 
describes the usage of the VA[8:0] lines. 

Memory Control VA[8:0] for 
Operation 128K x 8 VRAM^’ ^ 

Normal RA5 LA[19:11] 

Normal CM LA[11:4], B 

Transfer RAS TA[8:0] 

Transfer CAS Os 

1. LA[xx] refers to linear address bits. 

2. TA[xx] refers to the transfer address 
counter. 

Note that the SGX always resets the transfer address counter to zero 
during vertical blanking. 

WE[1:0] Write Enable for Buffer 1 / Buffer 0 Output 

WE[1:0] is intended for double-buffered boards and is not sup¬ 
ported in the current SGX card implementation. 

In a double-buffered configuration these signals are logically 
ANDed with the WR[7:0] outputs and the result used to drive the 
corresponding Buffer 0 / Buffer 1 VRAM WE inputs. 

WR[7:0] Write Enable _ Output 

These output signals drive the VRAM WE inputs. These signals are 
used to enable individual pixels during VRAM writes. WR[7:0] are 
driven LOW when the row address for loading the plane mask into 
the VRAMs is on the address bus. 


This section describes each signal that directly interfaces the video connec¬ 
tor with the SGX chip. The signal names are listed in alphabetical order. 

CSYNC Composite Sync Output 

This output signal drives the combined vertical and horizontal sync 
input signal for the monitor. This output is synchronous with the 
oscillator input selected for video timing generation (MAINOSC or 
ALTOSC). 

ID[2:0] Identification Input 

These input signals contain the identification code for the monitor. 
The SGX uses lD[2:0] to select the oscillator input. 

See Chapter 6, “\fideo Interface,” for more information. 
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DAC Interface 
Signals 


This section describes each signal that interfaces the RAMDAC with the 
SGX chip. The signal names are listed in alphabetical order. 

Appendix C, “Bt458 RAMDAC,” describes all of the Bt458 RAMDAC 
signals. 

BLANK Blanking Output 

This output signal drives the RAMDAC input blanking signal 
(BLANK). This output is synchronous with the oscillator input 
selected for video timing generation (MAINOSC or ALTOSC). 

CSDAC DAC Chip Select Output 

This output signal drives the RAMDAC chip select input (CS). It 
is asserted LOW when the SGX detects an SBus access intended 
for the DAC. 


DOTCLK Video Dot Clock Output 

This output signal is used to generate the RAMDAC differential 
clock inputs (CLKP and CLKN). This output reflects either the 
MAINOSC or ALTOSC oscillator input. 

LDCLK Load Clock Output 

This output signal connects to the RAMDAC load control input 
(LD). This output is one-fourth the DOTCLK output. 

OL[H;A][1:0] Overlay Plane 1 / Plane 0 Output 

These output signals drive the RAMDAC overlay select inputs 
(OL[D:A][1:0]). 


The current SGX card implementation uses only OL[D:A][1:0] 
for bit plane 1 and 0 of the hardware cursor. Bit A is the left-most 
pixel. OL[H:E][1:0] are unused. These output signals are synchro¬ 
nous with the oscillator input selected for video timing generation 
(MAINOSC or ALTOSC). 


3.7 

ALT Interface 
Signal 


This section describes the signal that interfaces an alternate external device 
with the SGX chip. This signal is unused in the present SGX configuration. 

CSALT Alternate Chip Select Output 

This output drives the alternate device enable input. It is asserted 
LOW when the SGX detects an SBus access intended for the 
device (accessed through the alternate device address space). 
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Signals 


3.9 

External Transfer 
Signal 


This section describes the clock input signals to the SGX chip. The signal 
names are listed in alphabetical order. 

ALTOSC Alternative Oscillator Input Input 

If selected, this input signal provides basic video timing control (by 
being used to generate DOTQLK, LDCLK, and related synchro¬ 
nous signals). The maximum frequency of ALTOSC is 117 MHz. 

MAINOSC Main Oscillator Input Input 

This oscillator input (or binary divisions of it) clocks the core logic 
of the SGX and its RAS/CAS/OE memory timing. MAINOSC can 
also be selected to provide basic video timing control (by being 
used to generate DOTCLK, LDCLK, and related synchronous sig¬ 
nals). The intended frequency of MAINOSC is 92.9405 MHz. 


This section describes the external transfer signal. 

EXTXFR External TVansfer Input 

When enabled, this signal indicates to the SGX that an SBus master 
is requesting a transfer. Instead of using the transfer signal gener¬ 
ated by the SGX timing generation logic, the leading (rising) edge 
of EXTXFR is synchronized and fed to the memory control arbitra¬ 
tion logic. External transfers are given the highest priority and are 
thus guaranteed service as soon as memory accesses already in 
progress are concluded. EXTXFR needs to be asserted for a mini¬ 
mum time greater than or equal to 13 clock periods (551 ns if the 
FBC is running at 23.24 MHz). The trailing (falling) edge of 
EXTXFR will cause the deassertion of OT[1:0] thus completing a 
transfer cycle. 
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Chapter 4 
SBus Interface 


4.1 

Features 


This chapter describes how the L64845 SGX SBus Graphics Accelerator 
interfaces with the SBus. It is divided into five sections: 

■ Section 4.1, Features, describes the main features of the SGX SBus 
interface. 

■ Section 4.2, SBus Connector, describes the SBus connector and 
shows its pin list. 

■ Section 4.3, SBus Cycle, describes the SBus cycle. 

■ Section 4.4, Register Reads and Writes, describes reads and writes to 
the SGX internal registers. 

■ Section 4.5, Internal Register Access, describes the Sbus interface 
software. 

The SBus is a high-performance system bus that allows the addition of 
add-in cards to highly integrated workstations. The SBus is an onboard 
bus, not a backplane bus. 

The SGX SBus interface follows the specifications described in The SBus 
Specification. Please refer to this publication for a more complete descrip¬ 
tion of the SBus. 

Chapter 3, “Signal Definitions,” defines the SBus interface signals. 


The SGX is an SBus slave device. 

The SGX SBus interface: 

■ Provides SBus handshaking for SGX internal and external SBus 
transfers 

■ Synchronizes operation over the full range of SBus clock rates (16.67 
to 25 MHz) 
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■ Provides a 32-bit datapath 

■ Provides a 24-bit physical address space 

■ Provides one interrupt level 

■ Supports 1,2, and 4 byte data transfers (burst-mode transfers are not 
supported) 

■ Configures the card automatically using machine independent code 

■ Provides geographical addressing, via a single slave select signal, 
SBSEL, which eliminates the need for slave address jumpers 

■ Decodes SBus Physical Address signals, SBPA[23:0], into appropriate 
chip select signals 

■ Supports Direct ’Wrtual Memory Access (DVMA) by all bus masters, 
greatly simplify operating system and software memory management 

■ Samples all signals on the rising edge of the clock 

■ Synchronizes the SBus clock and the local board clock 

■ Buffers SBus address, data, and control signals for fast write capability 

■ Buffers address, data, and control signals for Transformation Engine 
and Hardware Cursor (TEC) to Frame Buffer Controller (FBC) trans¬ 
fers (autoload cycles) 


The SGX card connects to the SBus via a 96-pin male mini-DIN connector. 
This connector, marked ‘Jl’ on the SGX card, carries both signals and 
power. 

Chapter 3, “Signal Definitions,” defines the SBus interface signals. 

Table 4.1 shows the pin list for the 96-pin SBus connector. 
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Table 4.1 
SBus Connector 
Pin Ust 
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Pin # 

Description 

Pin it 

Description 

Pin it 

Description 

01 

VSS 

33 


65 

SBD18 

02 

N/C 

34 

SBPA8 

66 

SBD20 

03 

Sbsel 

35 

SBPAIO 

67 

SBD22 

04 

N/C 

36 

SBACKO 

68 

VSS 

05 

SBDO 

37 

SBPA12 

69 

SBD24 

06 

SBD2 

38 

SBPA14 

70 

SBD26 

07 

SBD4 

39 

SBPA16 

71 

SBD28 

08 

N/C 

40 

SBSCKf 

72 

VSS 

09 

SBD6 

41 

SBPA18 

73 

SBD30 

10 

SBD8 

42 

SBPA20 

74 

SBSIZl 

11 

SBDIO 

43 

SBPA22 

75 

SBRD 

12 

N/C 

44 

sbaCk2 

76 

VSS 

13 

SBD12 

45 

N/C 

77 

SBPAl 

14 

SBD14 

46 

N/C 

78 

SBPA3 

15 

SBD16 

47 

N/C 

79 

SBPA5 

16 

N/C 

48 

N/C 

80 

+5V 

17 

SBD19 

49 

SBCLK 

81 

SBPA7 

18 

SBD21 

50 

N/C 

82 

SBPA9 

19 

SBD23 

51 

WM 

83 

SBPAl 1 

20 

SBIRQ5 

52 

VSS 

84 

VSS 

21 

SBD25 

53 

SBDl 

85 

SBPAO 

22 

SBD27 

54 

SBD3 

86 

SBPAO 

23 

SBD29 

55 

SBD5 

87 

SBPA17 

24 

N/C 

56 

VDD 

88 

VDD 

25 

SBD31 

57 

SBD7 

89 

SBPA19 

26 

SBSIZO 

58 

SBD9 

90 

SBPA21 

27 

SBSIZ2 

59 

SBDll 

91 

SBPA23 

28 

N/C 

60 

VSS 

92 

VSS 

29 

SBPAO 

61 

SBD13 

93 

N/C 

30 

SBPA2 

62 

SBD15 

94 

N/C 

31 

SBPA4 

63 

SBD17 

95 

SBRESET 

32 

N/C 

64 

VDD 

96 

N/C 


The SBus clock signal, SBCLK, provides the basic timing for SBus data 
transfers. 

The SBus protocol employs three principles: 

■ Synchronous Operation - The SBus controller generates a fixed- 
frequency (set between 16.67 and 25 MHz, based on the CPU clock) 
clock with a clock skew of 2.5 ns or less. All signals are sampled on 
the rising edge of this clock (SBCLK). These signals all have a setup 
time of 15 ns and a hold time of 2.5 ns. In the SGX, there is one 
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asynchronous signal, SBIRQ5, used for interrupts. The SBus 
controller synchronizes SBIRQ5 to the appropriate clock. 

■ Active Drive - Before the source stops driving an asserted 3-state con¬ 
trol signal, it drives the signal to the unasserted state. This procedure 
enables the bus to operate at speeds up to 25 MHz without needing 
low-resistance pullup resistors and output drives to sink the resulting 
static current. 

■ No Driver Overlap - Output drivers overlapping can result in unreli¬ 
able operation and excessive power dissipation. Except for the open- 
drain interrupt signal, SB1RQ5, no SBus signal is driven by two out¬ 
puts during the same clock cycle. 

Figure 4.1 shows a basic single-word SBus cycle (the relationship of sig¬ 
nals used during a read/write) on the SGX card. 


Figure 4.1 
Basic SBus Cycle 
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The SBus controller places an address on the physical address lines 
(SBPA[23;0]) and asserts both the address strobe signal (SBAS) and the 
slave select signal (SBSEL). 

For a write, the controller drives read/write (SBRD) LOW, asserts the 
transfer size (SBSIZ[2:0]), and drives the data lines (SBD[31:0]). The 
SGX then has up to 255 clock cycles to accept the transfer and issue the 
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proper acknowledgment by driving SBACK[2:0] LOW, then back to the 
idle state (unasserted) for one clock cycle. 

For a read, the controller drives read/write (SBRD) HIGH and asserts the 
transfer size (SBSIZ[2:0]). The SGX generates the acknowledgment and 
then drives the data lines on the following clock cycle for exactly one cloak 
cycle. SBus reads from the internal sections of the SGX take between five 
and seven SBus clock cycles when the chip is idle. 

When a read or write is complete, the SBus controller deasserts 
SBPA[23:0], SBRD, SBSEL, and SBSIZ[2:0]. The SGX deasserts 
SBACK[2:0]. 

See The SBus Specification for information on time-out, rerun, and other 
bus error cycles. 

The SBus protocol includes specifications for burst-mode transactions. 
The SGX does not support burst-mode transactions and issues an error 
acknowledgment if they are attempted. 

SBRESET, used only in test mode, resets the SGX to a known state. 

The SGX returns SBIRQ5 to the SBus in response to a vertical sync 
interrupt. 


4.4 

Register Reads 
and Writes 

Figure 4.2 shows the best- and worst-case register read cycle. The SGX 
attempts to return data as soon as possible. Figure 4.3 shows the register 
write cycle 


The SBus sees the SGX internal registers as 32-bit ports. Data transfers 
must synchronize with the local clock. Writes take three SBus clock cycles 
to acknowledge. Reads take five to seven SBus clock cycles to acknowl¬ 
edge. Both reads and writes generally conform to the SBus slave cycle. 
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Figure 4.2 
Register Read 
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Figure 4.3 
Register Write 
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4.5 The software driver controls the SGX card by reading and writing to reg- 

internal Register isters. These registers are accessed through seven data structures that con- 

Access trol the corresponding parts of the SGX card. The software driver for the 

SGX card must contain the following elements: 
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■ Code for reading the ID code and EPROM at boot time. 

■ Code for reading the FORTH code stored in the EPROM. 

■ Code for loading the Palette DAC (RAMDAC). 

■ Code for initializing the TEC and FBC. 

■ Code for accessing the Dumb Frame Buffer (DFB) - minimum func¬ 
tion for a console. 

Table 4.2, the Global Address Map, shows the locations of the data struc¬ 
tures for the various parts of the SGX card. 


Table 4.2 

Global Address Map 


Part 

Function 

Starting Address^ 

Ending Address 

ROM 

DAC 

ALT 

FHC^ 

THC^ 

FBC^ 

TEC^ 

DFB^ 

Read-Only Memory 

Digital-to-Analog Converter 
Alternate Address Space 

FBC Hardware Configuration 

TEC Hardware Configuration 
Frame Buffer Controller 
Transformation Engine and Cursor 
Dumb Frame Buffer 

S4base+0x000000 

S4base+0x200000 

S4base+0x280000 

S4base+0x300(X)0 

S4base+0x301000 

S4base+0x700000 

S4base+0x701000 

S4base+0x800(X)0 

S4base+0xlFFFFF 
S4base+0x27FFFF 
S4base+0x280FFF 
S4base+0x300FFF 
S4base+0x301FFF 
S4base+0x700FFF 
S4base+0x701FFF 
S4base+0xFFFFFF 


1. S4base is the base address of the card’s slot. 

2. These are internal select signals. 


The internal select signals (FHC, THC, FBC, TEC, and DFB) are synchro¬ 
nized with the internal clock. The internal clock is based on MAINOSC. 
Accesses to the ROM, DAC and ALT spaces are sent off-chip to external 
devices on the SGX card. These external transfers happen synchronously 
with the SBus clock. 


The FHC register is not changed during normal operation. The Single Chip 
GX Reference Card shows the information contained in the FHC register. 
The FHC map is: 

Starting Word Address Mnemonic Function 
fhc+OxOOOO CONFIG Configuration Register 


The THC registers are not changed during normal operation; they are 
loaded by the boot PROMs during diagnostics. The Single Chip GX Refer¬ 
ence Card show the information contained in each of the registers. 
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Chapter 5 

Memory Interfaces 


5.1 

ROM Interface 


This chapter describes how the L64845 SGX SBus Graphics Accelerator 
interfaces with memory. It is divided into two sections: 

■ Section 5.1, ROM Interface, describes the ROM interface to the 
PROM. 

■ Section 5.2, Frame Buffer Interface, describes the frame buffer inter¬ 
face to the VRAM. It discusses video memory architecture, data side 
timing, and video side timing. 

Chapter 3, “Signal Definitions,” defines the memory interface signals. 


The SGX accesses the boot PROM through the ROM address space. 
Transfers to this address space are always acknowledged with an 8-bit 
acknowledge (SBACK[2:0] = 5). The SBus acknowledges write attempts 
but the external signal CSROM remains inactive. Reads to this space cause 
an eight SBus clock cycle output on the CSROM pin. The timing is 
designed for 250 ns or faster PROMs. 

The ROM address space read cycle conforms to the general SBus read 
cycle described in Chapter 4, “SBus Interface.” 

Chapter 3, “Signal Definitions,” defines the ROM interface signals. 

The SGX card contains an FCode (FORTH) program in PROM that: 

■ Provides basic functionality 

■ Uniquely identifies the card 

■ Contains auto-configuration information 

■ Performs boot time initialization for the card 

■ Passes additional configuration information to the operating system 
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Figure 5.1 shows the ROM address space read cycle. 

Table 5.1 describes the PROM fields. Table 5.2 shows the ROM map for 
the SGX card. 

Figure 5.1 
ROM Address 
Space Read Cycle 



Table 5.1 
PROM Fields 

Size Field Name Description 


One byte 
One byte 
Two bytes 
Four bytes 


Magic Token 
Version Number 
Check Sum 
Length 


Zero or more bytes Program 
One byte End Token 


Contains the constant OxFD. 

Contains a unique number for each SGX card version. 

Contains the checksum computed for the whole program. 
Contains the length of the header and the end token. (This is equal 
to the offset to the first byte that is not part of the program.) 
Contains FCode (a FORTH program). 

Contains the constant 0x00. 
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Table 5.2 
ROM MAP 


Starting Ending 

Word Address Word Address Function 


52 

Frame Buffer 
Interface 


VRAM Accesses 


ROM+OxOOOO ROM+0x0003 SBus ID for SGX card 
ROM+0x0004 ROM+Ox3fff Boot Code 


The SGX accesses a one megabyte frame buffer (eight 128K x 8,100 ns 
VRAMs). This memory configuration provides a single frame buffer of 
1152 X 900 resolution. In the future, additional memory configurations will 
be possible. 

During a frame buffer access, the SGX provides the column address strobe 
(CASx), the row address strobe (RASx), the pixel write enables 
(WR[7;0]), and the appropriate address (VA[8:0]) to the VRAM. 

The SGX passes eight pixels of data to the VRAM via the 64-bit pixel data 
bus, PDBxx[7:0]. During the serial output enable signal, BOSOEO, the 
VRAM transfers pixels zero through three to the 32-bit serial input of the 
Palette DAC (RAMDAC) on VRAM signal lines P[D:A][7:0]. During the 
serial output enable signal, BOSOEl, the VRAM transfers pixels four 
through seven on the same lines. 

Chapter 3, “Signal Definitions,” defines the frame buffer interface signals. 

Refer to Appendix B, “SGX Card,” for a block diagram of the memory 
architecture used on the SGX card. 


The VRAM address, VA[8;0], is common to all memory chips regardless 
of configuration. Configurations with more than 16 memory chips need 
external buffering on the VA[8;0] bus. 

The address is multiplexed on VA[8:0] as row and column address. The 
VRAM rows do not correspond to scan lines on the screen. There is a new 
row address every 2048 pixels for the 128K x 8 VRAM configuration. 

There are two types of VRAM accesses: 

■ Random Access - requires both a row and a column address 

■ Fast-Page-Mode Access - only requires a new column address This 
can be used when the row address for consecutive memory accesses 
does not change. The VRAMs “remember” the row address so that 
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Reads 


subsequent addresses only require a column address and a column 
address strobe. 

In either case, changing the row address ads a three cycle (129 ns) penalty 
to an access. 


All reads are double accesses. The first access is to an even address and the 
second access is to an odd address. The first read is likely to be random 
access. Subsequent accesses to the same VRAM row are then fast-page- 
mode accesses. A random read takes 6 cycles (258 ns) and a fast-page- 
mode read takes three cycles (129 ns). 

Figure 5.2 shows two read operations; a random read immediately fol¬ 
lowed by a fast-page-mode read. The random read starts with a RASx pre¬ 
charge high pulse lasting two clock cycles. The falling edge of RASx 
latches in the row address from the 9-bit VRAM address bus, VA[8:0]. 

The plane mask determines which bits of the pixel will be written. 
Although the plane mask is actually only used for writing to the VRAM, it 
is logically simpler to update the plane mask for every random access. 
Therefore, the write enable signals, WR[7:0], are also asserted LOW at the 
falling edge of RASx. WR[7:0] update the pixel plane mask inside the 
VRAM. 


The falling edge of CASx latches the column address into the VRAM. 
When CASx and OEx are both asserted, the VRAM data is driven onto the 
pixel data bus (PDBxx[7:0]). 

The second falling edge of CASx without an intervening RASx identifies 
the following as a fast-page-mode access. 
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Figure 5.2 
Read from VRAM 
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Note: 

1. MAiNOSC/2 is not available external to the SGX chip. 


Writes All SGX writes are buffered. First the SBus master writes to the SGX SBus 

slave interface (following the standard SBus slave protocol described in 
Chapter 4, “SBus Interface”). Then the SGX writes to the frame buffer as 
described in this section. 

SGX writes can be divided into two types: 

■ Frame-Buffer Controller (FBC) writes are used when the SGX writes 
to the VRAM. 

■ Dumb Frame Buffer (DFB) writes are used when the CPU writes 
directly to the VRAM via the SBus interface. 

FBC Writes 

FBC writes are double accesses. The first write is usually random access. 
The second write is always fast-page-mode access. A random write takes 
five cycles (215 ns) and fast-page-mode write takes two cycles (86 ns). All 
drawing operations, font operations, and BLIT operations use FBC writes. 
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Figure 5.3 shows an FBC write. The first phase of a random write cycle is 
similar to a random read cycle, starting with a RASx precharge high pulse. 
The falling edge of RASx latches in the row address and plane mask. 

The falling edge of CASx latches in the column address. The SGX uses a 
late write or OEx-controlled write as opposed to an early write. This means 
that the write data is not latched into the VRAM until the falling edge of 
the write enable signal, WR[7:0]. 

The write lines WR[7:0] determine which of the eight pixels are actually 
written to the VRAM. Any combination of pixels can be enabled by using 
a pixel mask register inside the SGX. 

The SGX writes a total of 16 pixels during an FBC write. First it writes 
eight pixels to an even column address (with the first CASx pulse), then it 
writes the last eight pixels to the odd column address. Both writes are 
fast-page-mode accesses if the previous access had the same row address. 


Figure 5.3 
FBC Write 
to VRAM 
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Note: 

1. MAINOSC/2 is not available external to the SGX chip. 
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Dead State 


A dead state is required to change the direction of the pixel data bus from 
read to write. 

A dead state is not required when going from a write to a read because all 
read cycles have half a clock cycle of dead time built into the beginning of 
the cycle. 

Figure 5.4 shows a read followed by an FBC write. 

The VRAM output enable signal, OEx, is inactive during the dead state. 


Figure 5.4 
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Note: 

1. MAINOSC/2 is not available external to the SGX chip. 

2. OEx is asserted high during the write. 
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DFB Writes 


DFB writes provide the CPU direct access to the frame buffer memory 
(VRAM) through the SBus. Since the SBus interface is only 32 bits wide, 
only single-word writes (four pixels) to the VRAM are allowed. DFB 
writes take three cycles (129 ns). 

In DFB writes, a single CASx write cycle is used. CASx stays low for 1.5 
clock cycles instead of the 1.0 clock period used for FBC accesses. Other¬ 
wise a DFB write is similar to an FBC write. 

Figure 5.5 shows a DFB write. 


Figure 5.5 
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1. MAINOSC/2 is not available external to the SGX chip. 
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Refresh 


VRAM is a dynamic memory technology, using tiny capacitors to store 
information. These tiny capacitors must be recharged periodically. The 
1-Mbit VRAMs supported by SGX must be refreshed every 8.0 ms. The 
SGX performs this task by refreshing one of the 512 rows every 15.6 ns. 

A refresh takes five clocks cycles. CASx-before-RASx refresh is used, 
which uses a row counter inside each VRAM to determine the row to be 
refreshed. 

Refresh overwrites the row address stored in the VRAM so the first access 
after a refresh is forced to be a random access. 

Figure 5.6 shows a refresh. 


Figure 5.6 
Refresh 



Note: 

1. MAIN0SC/2is not available external to the SGX chip. 
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Chapter 6 
Video Interface 


6.1 

Monitor Interface 


This chapter describes how the L64845 SGX SBus Graphics Accelerator 
interfaces with the video monitor. It is divided into three sections: 

■ Section 6.1, Monitor Interface, describes the monitor interface (video 
connector). 

■ Section 6.2, DAC Interface, describes the DAC interface to the 
RAMDAC. 

■ Section 6.3, Video Transfer, describes a serial transfer from the frame 
buffer (VRAM) to the RAMDAC. 

For more information on the RAMDAC see Appendix C, “Bt458 RAM¬ 
DAC,” or the Brooktree Product Databook. 

Chapter 3, “Signal Definitions,” defines the video interface signals. 


Information between the monitor and the SGX card is passed through a 
video cable connected to the video connector. The current Sun video cable 
contains three mini-coaxial cables as well as five twisted pairs. The video 
connector, mounted on the SGX card, is a 13-pin D-connector with three 
coaxial (75 ohm) pins for the red, green, and blue gun signals. The R, G 
and B video signals come fi’om the RAMDAC (see Appendix C). 

The composite horizontal and vertical sync signal (CSYNC) feeds directly 
into the video connector from the SGX chip. Monitor identification infor¬ 
mation (lD[2:0]) feeds directly into the SGX chip from the video connec¬ 
tor sense pins. 

The SGX provides CSYNC, and BLANK (blanking signal) for the follow- 
ing types of monitors: 

■ 1152x900® 66 Hz 

■ 1152x900 @76 Hz 
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Chapter 3, “Signal Definitions,” defines the video monitor interface 
signals. 

Figure 6.1 shows the video connector. Table 6.1 shows the pin list for the 
video connector. Table 6.2 shows the encoding for the sense pins. 


Figure 6. / 

Video Connector 


Table 6.1 
Video Connector 
Pin List 


6 Q] 

m 

0 9 10 

® 

U] 3 |T] [T| 

© 

Pin 

Connection^ 

Usage 


1 

N/C 

Reserved 


2 

N/C 

Reserved 


3 

ID2 

Sense Pin 2 (See Table 6.2) 


4 

GND 

Ground (Referenced to Frame Buffer Ground) 

5 

CSYNC 

Combined Horizontal And Vertical Sync 

6 

N/C 

Reserved 


7 

N/C 

Reserved 


8 

IDl 

Sense Pin 1 (See Table 6.2) 


9 

ID0 

Sense Pin 0 (See Table 6.2) 


10 

GND 

Ground (Return for Pin 5) 


A1 

R 

Red 


A2 

G 

Green (Gray Scale Video) 


A3 

B 

Blue 



1 . NIC = Not Connected, 


Table 6.2 
Sense Pin 
Allocation 


Code 

Resolution and Scan Rate^ 

Sense Pin 2^ Sense Pin 

Sense Pin 0 

1 

1152x900 66Hz (default) 

N/C 

N/C 

N/C 

6 

1152x900 76Hz 

N/C 

N/C 

GND 

5 

Reserved 

N/C 

GND 

N/C 

4 

1152x900 76Hz 

N/C 

GND 

GND 

3 

1152x900 66Hz 

GND 

N/C 

N/C 

2 

Reserved 

GND 

N/C 

GND 

1 

Reserved 

GND 

GND 

N/C 

0 

Reserved 

GND 

GND 

GND 


1 . Conformance may be waived. 

2. GND = Logic ground, Pin 4 

3. NIC = Not Connected 
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62 The SGX is designed to interface directly to the Brooktree Bt458 

DAC Interface RAMDAC. For specific information on the Bt458 RAMDAC see 

Appendix C, “Bt458 RAMDAC,” or the Brooktree Product Databook. 

The SGX accesses the RAMDAC registers through the DAC address 
space. This address space is treated as a 32-bit port on the SBus and always 
responds to an access with a 32-bit acknowledgment, SBACK[2:0] = 3. 

Although the SGX responds with a 32-bit acknowledgment, only the upper 
byte, SBD[31:24], maps into the RAMDAC’s eight-bit port. Transfers 
occur synchronously with the SBus clock, with writes and reads both tak¬ 
ing four SBus clock cycles. (The timing is designed for a Brooktree Bt458 
RAMDAC or compatible part.) 

Chapter 3, “Signal Definitions,” defines the DAC interface signals. 

Table 6.3 shows the address map for the SGX card’s RAMDAC. 


Table 6.3 
RAMDAC 
Address Map 


Starting Read Write 

Word Address Function Function 

dac+OxOOOO Read Address Register Write Address Register 
dac+0x0004 Read Color Palette Write Color Palette 

dac+0x0008 Read Control Register Write Control Register 
dac+OxOOOc Read Overlay Color Write Overlay Color 


See Chapter 4, “Sbus Interface,” for more information on the SBus address 
map for the SGX. 

CPU accesses to the DAC address space conform to the standard SBus 
slave protocol described in Chapter 4, “Sbus Interface.” 

Figure 6.2 shows the DAC address space read cycle. 

Figure 6.3 shows the DAC address space write cycle. 
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Figure 6.2 

DAC Address Space 
Read Cycle 


Figure 6.3 

DAC Address Space 
Write Cycle 
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6.3 VRAMs are dual ported, having a serial access port and a random access 

Video Transfers port. In the realtime read transfer cycle, the VRAM loads one row of data 

into its serial access memory in parallel and then shifts it out while the 
SGX is using the random access port. 

Figure 6.4 shows a realtime read transfer and serial read. 

The transfer cycle starts when OEx falls while RASx is high. The transfer 
row address is latched into the VRAM by the falling edge of RASx. When 
CASx falls, the VRAM latches in the starting address for the serial shifter 
(which is always zero on the SGX card). The end of the OEx (LOW) pulse, 
which is synchronized with the video shift clock (SCKx), triggers the 
actual data transfer from the main memory to the serial access memory. 

In a serial port read, the video shift clock advances the serial shifter in all 
the VRAMs simultaneously. The serial output enable signals, BxSOEO and 
BxSOEl, alternate to enable four pixels at a time onto the pixel bus, 
PDBxx[7:0]. 

The DAC loads pixel and overlay data on the rising edge of LDCLK. The 
overlay data, used for the hardware cursor, comes directly from the SGX. 

In SGX configurations with 128K x 8 VRAMs, a video transfer occurs 
every 2048 pixels. 

For more information on the internal workings of the RAMDAC see 
Appendix C or the Brooktree Product Databook. 
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Figure 6.4 
Realtime Read 
Transfer and Serial 
Read 







Note: 

1. MAINOSC/2 is not available external to the S6X chip. 


6-6 


Video Interface 




















































Chapter 7 

Alternate Interface 


This chapter describes how the L64845 SGX SBus Graphics Accelerator 
interfaces with an alternate external device. 

The alternate (ALT) address space has been set aside for future use as an 
interface for an SGX external device. 

The SBus views the ALT address space as a synchronous 32-bit port. 
Writes and reads both take five SBus clock cycles. ALT address space 
accesses conform to the general SBus slave protocol described in Chapter 
4, “SBus Interface.” 

Chapter 3, “Signal Definitions,” defines the alternate interface signals. 
Figure 7.1 shows the ALT address space read cycle. 

Figure 7.2 shows the ALT address space write cycle. 
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Figure 7.7 

ALT Address Space 
Read Cycle 
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Figure 7.2 

ALT Address Space 
Write Cycle 
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8.1 

AC Timing 


Chapter 8 
Specifications 


This chapter specifies the L64845 SGX SBus Graphics Accelerator’s elec¬ 
trical and mechanical characteristics. It is divided into three sections; 

■ Section 8.1, AC Timing, describes the AC timing specifications and 
waveforms. 

■ Section 8.2, Electrical Requirements, describes the electrical charac¬ 
teristics and requirements. 

■ Section 8.3, Packaging, provides the pinout and mechanical dimen¬ 
sions for the L64845 package. 

Appendix B, “SGX Card,” contains more information on the SGX card. 


This section provides the AC timing specifications for the SGX and the 
SBus. 

Figure 8.1 shows the SGX read cycle. Figure 8.2 shows the SGX write 
cycle. Figure 8.3 shows the CAS before RAS refresh. Figure 8.4 shows the 
real time read transfer. Figure 8.5 shows the horizontal sync and blanking 
cycle (for the 66 Hz configuration on the video side of the SGX). Note that 
there are 94 pixel groups per horizontal line and each pixel group contains 
16 pixels. Figure 8.6 shows the vertical sync and blanking cycle (for the 66 
Hz configuration on the video side of the SGX). Note that there are 937 
horizontal lines. 

Table 8.1 shows the SGX memory control AC characteristics. Table 8.2 
shows the pin loading assumptions. 

Figure 8.7 shows some SBus signals with rise and fall times. Figure 8.8 
shows the SBus reset. Figure 8.9 shows the SBus read cycle. Figure 8.10 
shows the SBus write cycle. 

Table 8.3 shows the SGX SBus AC characteristics. 
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Real Time Read Transfer 


Figure 8.4 
Real Time Read 
Transfer 
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Figure 8.5 

Horizontal Sync and 
Blanking Cycle 
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Figure 8.6 
Vertical Sync and 
Blanking Cycle 


Line 

Number: 


936 1 5 


936 1 



Table 8.1 

Memory Control AC 
Characteristics 



Symbol 

From (Output) 

To (Output) 

Timing 

Min 

Max Units 

Common Timing 

1. 

k:sH 

RASx Low 

CASx High 

CAS Hold 

100 

ns 

2. 

Use 

VAx Valid 

CASx Low 

CAS Setup 

1 

ns 

3. 

k:p 

CTS^High 

CASx Low 

High Pulse Width 

20 

ns 

4. 

tRP 

RASx High 

RASx Low 

High Pulse Width 

80 

ns 

5. 

Uas 

RASx Low 

RSSxHigh 

Low Pulse Width 

100 

ns 

6. 

k:As 

CASx Low 

CSS^THigh 

Low Pulse Width 

30 

- ns 

7. 

USR 

VAx Valid 

RASx Falling 

RAS Setup 

1 

ns 

8. 

tRAH 

RASx Low 

VAx Invalid 

Hold 

15 

ns 

9. 

k:AH 

CASx Low 

VAx Invalid 

Hold 

20 

ns 


Read Timing 
(Sheet 1 of 3) 
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Table 8.1 (Continued) 
Memory Control AC 
Characteristics 



Symbol 

From (Output) 

To (Output) 

Timing 

Min 

Max 

Units 

10. 

tCAC 

CASx Low 

PDBxxx Valid 

CAS Access 

- 

30 

ns 

11. 

k)EA 

OEx Low 

PDBxxx Valid 

UE Access 

- 

30 

ns 

12. 

tRAC 

RA$x Low 

PDBxxx Valid 

RA§ Access 

- 

100 

ns 

13. 

Iaa 

VAx Valid 

PDBxxx Valid 

Address Access 

- 

50 

ns 

Write Timing 

14. 

twp 

WRx Low 

WRx High 

Low Pulse Width 

20 

- 

ns 

15. 

k:wL 

WRx Low 

CASx High 


30 

- 

ns 

16. 

tRWL 

WRx Low 

R^^SxHigh 


30 

- 

ns 

17. 

^DS 

PDBxxx Low 

WRx Low 

Data Setup 

1 

- 

ns 

18. 

bn 

WRx Low 

PDBxxx Valid 

Data Hold 

25 

- 

ns 

19. 

1ms 

PDBxxx Valid 

RASx Low 

Setup 

1 

- 

ns 

20. 

ImH 

RASx Low 

PDBxxx 

Invalid 

Hold 

15 

- 

ns 

Video Output 

21. 

isc 

SCKx High 

SCKx High 


35 

- 

ns 

22. 

ISL 

SCKx High 

OS^High 


10 

- 

ns 

23. 

ISD 

OE^ High 

SCKx High 


15 

- 

ns 

24. 

Ihbl 

BLANK Low 

BLANK High 

Horizontal Blank 
Length^ 

3.787 

3.787 

ps 

25. 

Ihbp 

BLANK Low 

BLANK Low 

Horizontal Blank 
Period 

16.182 

16.182 

MS 

26. 

Ihss 

BLANK Low 

HSYNC Low 


0.344 

0.344 

MS 

27. 

Ihlp 

HSYNC Low 

HSYNC High 

Horizontal Sync 
Hold 

1.377 

1.377 

MS 

28. 

Ihbh 

HSYNC High 

BLANK High 


2.064 

2.064 

MS 

29. 

IVBP 

BLANK Low 

BLANK Low 

Vertical Blank 
Period 

15.163 

15.163 

ms 

30. 

tVBL 

BLANK Low 

BLANK High 

Vertical Blank 
Length^ 

599 

599 

MS 

31. 

Ibvs 

BLANK Low 

VSYNC Low 

Vertical Sync 

Setup 

32 

32 

\xs 

(Sheet 2 of 3) 
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Table 8.1 (Continued) 
Memory Control AC 
Characteristics 


Symbol 

From (Output) 

To (Output) 

Timing 

Min 

Max 

Units 

32. tvsH 

VSYNC Low 

VSYNC High 

Vertical Sync 
Hold 

65 

65 

\xs 

33. tvsB 

VSYNC High 

BLANK High 


502 

502 

\xs 


(Sheet 3 of 3) 

L Horizontal Blank Width is 352 pixels. 
2. Vertical Blank Width is 37 lines. 


Table 8.2 

Output 

Signal Type 

Loading 

Units 

Pin Loading 
Assumptions 

BLANK 

Output 

15 

pF 

B0SOE[l:0] 

Output 

60 

pF 


B1SOE[1:0] 

Output 

60 

pF 

CAS[1:0] 

Output 

120 

pF 

CSYNC 

Output 

15 

pF 

CSDAC 

Output 

25 

pF 

CSALT 

Output 

25 

pF 

CSROM 

Output 

25 

pF 

DOTCLK 

Output 

20 

pF 

LDCLK 

Output 

15 

pF 

OE[1;0] 

Output 

120 

pF 

OL[H:A][1:0] 

Output 

15 

pF 

PDBxx[7:0] 

Bidirectional, internal pullup 

30 

pF 

PERFOSC 

Output 

10 

pF 

RAS[1:0] 

Output 

120 

pF 

SBACK[2:0] 

Output 

120 

pF 

SBD[31:0] 

Bidirectional, internal pullup 

160 

pF 

SBIRQ5 

Open-drain output 

120 

pF 

SCK[1:0] 

Output 

120 

pF 

VA[8:0] 

Output 

100 

pF 

WE[1:0] 

Output 

50 

pF 

WR[7:0] 

Output 

40 

pF 
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Figure 8.9 
SBus Read 
Cycle 


_^0 

SBCLK I 



SBPA[23;0] 

SBSIZ[2:0] 

SBD[31:0] 



5BSCK[2:0] 


rSALf 

CSDaC 

CSROM 
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SBSIZ[2:0] -1 


SBD[31:0] - 


SBACK[2:0] 


CSALT 

CSDAC 




Table 8.3 

SGXSBusAC 

Characteristics 


Load 


Parameter 

Description 

Min 

Max 

Units 

(pF) 

1 

tcp 

Clock Period 

40 

60 

ns 


2 

ICH 

Clock High Time 

17 


ns 


3 

ICL 

Clock Low Time 

17 


ns 


4 

tCF 

Clock Fall Time 

1 

3 

ns 

160 

5 

k:R 

Clock Rise Time 

1 

3 

ns 

160 

6 

tp 

SBIRQ5*, SBACK, SBD Fall Time 

5 

20 

ns 

160 

7 

tiR 

Sb1rQ 5 Rise Time 

5 

1200 

ns 

160 

8 

tR 

SBACK, SBD Rise Time 

5 

20 

ns 

160 

9 

llH 

SBSIZ, SBRD, SBAS, SBSEL, SBD, SBPA, 

SBRESET^ Hold from SBCLK High 



ns 

160 

10 

tis 

SBSIZ, SBRD, SBAS, SBSEL. SBD. SBPA, 

SBRESET Setup to SBCLK High 

15 


ns 

160 

11 

tOD25 

SBD, SBACK Valid from SBCLK High (25 MHz) 

2.5 

20 

ns 

100 

12 

k)H 

SBD, SBACK Hold from SBCLK High 

2.5 


ns 


13 

tz 

SBD, SBACK 3-State from SBCLK High 


35 

ns 


14 

tcSD 

CSROM, CSDAC, CSALT Valid/Invalid from SBCLK 
High 

0 

20 

ns 



1. SBIRQ5 i s not synch ronous with SBCLK. T he CPU cle ars SBIRQ5. 

2. Asserting 3BRESET doesn’t require timing. 3BRESET must remain asserted for at least 512 SBCLK cycles. 
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82 This subsection specifies the electrical requirements for the L64845. Five 

Electrical tables list electrical data in the following categories: 

Requirements 

■ Absolute Maximum Ratings (Table 8.4) 

■ Recommended Operating Conditions (Table 8.5) 

■ Capacitance (Table 8.6) 

■ DC Characteristics (Table 8.7) 

■ Pin Description Summary (Table 8.8) 


Table 8.4 

Absolute Maximum 
Ratings 


Table 8.5 
Recommended 
Operating Conditions 


Table 8.6 
Capacitance 


Symbol 

Parameter 

Limits^ 

Units 

VDD 

DC Supply 

-0.3 to +1 

V 

VIN 

Input Voltage 

-0.3 to VDD +0.3 

V 

IIN 

DC Input Current 

±10 

mA 

TSTG 

Storage Temperature Range (Ceramic) 

-65 to +150 

®C 


I. Referenced to VSS. 


Symbol 

Parameter 

Limits 

Units 

VDD 

DC Supply 

+4.75 to +5.25 

V 

TA 

Ambient Temperature 

0 to +70 

^C 


Symbol Parameter^ 

Min Max 

Units 

CIN 

Input Capacitance 

15.5 

pF 

COUT 

Output Capacitance 

15 

pF 

CBID 

Bidirectional Capacitance 

15.5 

pF 


1. Measurement conditions are VIN = 5.0 V,TA= 25 'C, and 
clock frequency = I MHz 


Table 8.7 

DC Characteristics 

Symbol Parameter Conditioi^ Min Typ Max Units 


VIH Voltage Input High 2.0 - - V 

VIL Voltage Input Low - - 0.8 V 

VOH Voltage Output High lOH = -1.0, -2.0, -4.0, -6.0, -8.0 mA 2.4 4.5 - V 
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Table 8.7 (Continued) 
DC Characteristics 


Symbol Parameter Condition^ Min Typ Max Units 


VOL 

Voltage Output Low 

lOL = 1.0, 2.0, 4.0, 6.0, 8.0 mA 

- 

0.2 

0.4 

V 

VT+ 

Schmitt Trigger, Positive-going Threshold 

TTL 

- 

1.8 

2.0 

V 

VT- 

Schmitt Trigger, Negative-going Threshold TTL 

0.7 

0.9 

- 

V 

IIL 

Current Input Leakage 

VDD = Max, VIN = VDD or VSS 

-10 

±1 

10 

pA 

IIPU 

Input Pull-Up Current 

VDD = Max, VIN = VSS or 3.5 V 

-35 

-115 

-350 

pA 

lOL 

Current Output Leakage (non-3-statable) 

VDD = Max, VOUT = VSS or VDD 

-1.0 

±1 

1.0 

pA 

lOZ 

Current 3-State Output Leakage 

VDD = Max, VOUT = VSS or VDD 

-10 

±1 

10 

ma 

lOZU 

Current 3-State Output w/ Pull-up 

VOUT = VSS or 3.5 V 

-10 

- 

10 

pA 

lOSPl 

Current P-Channel Output Short Circuit 
(1 mA Output Buffers)^ 

VDD = Max, VOUT = VSS 

-7.5 

- 

-37 

mA 

IOSP2 

Current P-Channel Output Short Circuit 
(2 mA Output Buffers)^ 

VDD = Max, VOUT = VSS 

-15 

- 

-74 

mA 

IOSP4 

Current P-Channel Outout Short Circuit 
(4 mA Output Buffers)^ 

VDD = Max, VOUT = VSS 

-30 

- 

-148 

mA 

IOSP6 

Current P-Channel Output Short Circuit 
(6 mA Output Buffers)^ 

VDD = Max, VOUT = VSS 

-45 

- 

-222 

mA 

IOSP8 

Current P-Channel Outout Short Circuit 
(8 mA Output Buffers)^ 

VDD = Max, VOUT = VSS 

-60 

- 

-296 

mA 

lOSNl 

Current N-Channel Outout Short Circuit 
(1 mA Output Buffers)^ 

VDD = Max, VOUT = VDD 

9.5 


32.5 

mA 

IOSN2 

Current N-Channel Outout Short Circuit 
(2 mA Output Buffers)^ 

VDD = Max, VOUT = VDD 

19 

- 

65 

mA 

IOSN4 

Current N-Channel Outout Short Circuit 
(4 mA Output Buffers)^ 

VDD = Max, VOUT = VDD 

38 

- 

130 

mA 

IOSN6 

Current N-Channel Ou^ut Short Circuit 
(6 mA Output Buffers)^ 

VDD = Max, VOUT = VDD 

57 

- 

195 

mA 

IOSN8 

Current N-Channel Outout Short Circuit 
(8 mA Output Buffers)^ 

VDD = Max, VOUT = VDD 

76 

— 

260 

mA 

IDD 

Quiescent Supply Current 

VIN = VDD or VSS 

- 

- 

2 

mA 

ICC 

Dynamic Supply Current 

VDD = Max, f=25MHz 

- 


300 

mA 


1. Specified at VDD equals 5V±5%at ambient temperature over the specified range. 

2. Not more than one output may be shorted at a time for a maximum Oration of one second. 
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Table 8.8 

Pin Description Summary 


Drive 


Mnemonic 

Description 

InputlOutput 

(mA) 

Active 

altDsC 

Alternative Oscillator Input 

Schmidt trigger TTL input, 
internal pullup 


Low 

BLANK 

Blanking 

Output 

2 

Low 

BOSOE[1;0] 

VRAM Serial Output Enable for Buffer 0 

Output 

4 

Low 

B1SOE[1:0] 

VRAM Serial Output Enable for Buffer 1 

Output 

4 

Low 

CAS[1:0] 

Column Address Strobe 

Output 

6 

Low 

CSYNC 

Composite Synch 

Output 

2 

Low 

CSDAC 

DAC Chip Select 

Output 

2 

Low 

CSALT 

Alternate Chip Select 

Output 

2 

Low 

CSROM 

ROM Chip Select 

Output 

2 

Low 

DOTCLK 

Video Dot Clock 

Output 

4 

Low 

EXTXFR 

External Transfer 

Input, internal pullup 


High 

lD[2:0] 

Identification 

Input, internal pullup 


Low 

LDCLK 

Load Clock 

Output 

2 

Low 

MAINOSC 

Main Oscillator Input 

Schmidt trigger TTL input, 
internal pullup 


High 

OE[1:0] 

Output Enable 

Output 

6 

Low 

OL[H:A][1:0] 

Overlay 

Output 

2 

High 

PDBxx[7:0] 

Pixel Data Bus 

Bidirectional, internal pullup 

4 

- 

PERFOSC* 

Performance Oscillator 

Output 

1 

High 

RM[1:0] 

Row Address Strobe 

Output 

6 

Low 

SBACK[2:0] 

SBus Transfer Acknowledge 

Output 

8 

Low 

SBAS 

SBus Address Strode 

Input, internal pullup 


Low 

SBCLK 

SBus Clock 

Schmidt trigger TTL input, 
internal pullup 


High 

SBD[31:0] 

SBus Data Bus 

Bidirectional, internal pullup 

4 

- 

SBIRQ5 

SBus Interrupt for Vertical Blanking 

Open-drain output 

4 

Low 

SBRD 

SBus Read/Write 

Input, internal pullup 


High 

SBRESET 

SBus Reset 

Schmidt trigger TTL input, 
internal pullup 


Low 

SBSEL 

SBus Slave Select 

Input, internal pullup 


Low 

SBSIZ[2:0] 

SBus Data Size 

Input, internal pullup 


High 

SCK[1:0] 

Serial Shift Clock 

Output 

6 

High 

VA[8:0] 

VRAM Address 

Output 

4 

High 

TESTMODE^ 

Test Mode 

Schmidt trigger input, internal 
pullup 


High 

WE[1:0] 

Write Enable for Double Buffering 

Output 

2 

Low 

WR[7:0] 

Write Enable 

Output 

4 

High 


L For testing and debugging purposes only. 
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8.3 

Packaging 


LSI Logic supplies the SGX in a 223-pin Ceramic Pin Grid Array (CPGA). 

Note there is no pin 1 on the SGX; It is intentionally omitted to eliminate 
any possibility of misalignment. Pin 2 is the leftmost pin in the comer on 
the top row (near the SBus connector) on the component side. 

Figure 8.11 shows the SGX pinout (top view). Table 8.9 shows the SGX 
pin list. Figure 8.12 shows the L64845 SGX mechanical drawing. 
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Figure 8.11 
L64845SGX Pinout 


1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 


B VDD VSS SBFfiS SBPA1 



VDO SBPM SBPAO SBSIZ1 SBD29 SBD25 VSS VDD VSS SB019 SBD15 SB011 SB07 SBD2 SBCLK VOO VSS 


SB031 SB027 SB023 SBD21 SBO20 SB017 SB013 SB09 SB05 SB01 VSS VDO 


C SBPA9 SBPA8 SBPA6 SBPA2 m SBSI2 SB030 SBD26 SB022 SB018 SB014 SBD10 SBD6 SB04 SB^ VA7 VA6 VA5 


0 CAS1 OE1 SBPA11 SBPA7 SBPA3 SBRO SBSIZO SB028 SB024 SBD16 SB012 SBD8 SBD3 SBDO VA8 VA3 VA2 VA1 


E SBPA15 SBPA13 SBPA12 SBPA10 


SBPAt9 SBPA17 SBPAUi BAST 


SBPA22 SBPA21 SBPA18 SBPA1 


H VSS SBPA23 SBPA20 


EXTXm |S6ACKd|SBACK2 



N/C SBACKIICSROMI CSALT 


M IBISOEOIBISOEII LOCLK iCSDAC 


N BOSOEO BOSOE1 MaNK SCKI 


CSYNC SCKO I WEI | CASO 


R PERF WEO BASO ID2 OLBO 
DSC 



OLA1 OLE1 WRO POB083 PDB192 PDB196 PDB2A1 PDB2A4 WR3 PDB3B3 POB3B6 WR4 PDB4C0 


OEO 100 101 OLCO OLFO 0LC1 0L61 PDB081 PDB085 PDB190 P0B194 WR2 PDB2A3 PDB2A2 P0B2A7 PDB3B2 PDB3B4 P0B3B5 

U VOO VSS OLAO OLDO OL60 0LB1 0LF1 POB080 PDB082 PDB084 POB087 P0B191 P0B195 POB2AO P0B2A6 PDB3B1 VOO VSS 




0LD1 0LH1 VSS VDD VSS PDB086 WR1 P0B193 POB197 P0B2A5 POB3BO VSS VOO 


Note: 

1. /V/Cpins are not connected. 
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Table 8.9 
L64845SGX 
Pin List 


Signal 

Pin 

Signal 

Pin 

Signal 

Pin 

Signal 

Pin 

Signal 

Pin 

ALTOSC 

J4 

PDB190 

TIO 

PDB6E5 

G17 

SBD26 

C8 

WAS 

C18 

blank 

N3 

PDB191 

U12 

PDB6E6 

J15 

SBD27 

B7 

VA6 

C17 

BOSOEl 

N2 

PDB192 

RIO 

PDB6E7 

FI 8 

SBD28 

D8 

VA7 

C16 

BOSOeO 

N1 

PDB193 

V13 

PDB7F0 

F17 

SBD29 

A6 

VA8 

D15 

BlSOEl 

M2 

PDB194 

Til 

PDB7F1 

H15 

SBD30 

C7 

VDD 

A2 

BISOEO 

Ml 

PDB195 

U13 

PDB7F2 

E18 

SBD31 

B6 

VDD 

A9 

CSS0 

P4 

PDB196 

Rll 

PDB7F3 

G16 

5BTRT55 

B5 

VDD 

A17 

CASl 

D1 

PDB197 

V14 

PDB7F4 

E17 

SBPAO 

A4 

VDD 

B1 

CSyNC 

PI 

PDB2A0 

U14 

PDB7F5 

G15 

SBPAl 

B4 

VDD 

B18 

CSDAC 

M4 

PDB2A1 

R12 

PDB7F6 

E16 

SBPA2 

C4 

VDD 

J1 

CSALT 

L4 

PDB2A2 

T14 

PDB7F7 

F16 

SBPA3 

D5 

VDD 

J18 

csrOm 

L3 

PDB2A3 

T13 

PERFOSC 

R1 

SBPA4 

A3 

VDD 

L18 

DOTCLK 

J3 

PDB2A4 

R13 

RASO 

R3 

SBPA5 

B3 

VDD 

U1 

EXTXFR 

K2 

PDB2A5 

V15 

RA5T 

F4 

SBPA6 

C3 

VDD 

U17 

IDO 

T2 

PDB2A6 

U15 

SBACKO 

K3 

SBPA7 

D4 

VDD 

V2 

IdT 

T3 

PDB2A7 

T15 

SbACKI 

L2 

SBPA8 

C2 

VDD 

V9 

ID2 

R4 

PDB3B0 

V16 

SBACK2 

K4 

SBPA9 

Cl 

VDD 

V18 

LDCLK 

M3 

PDB3B1 

U16 

SBAS 

C15 

SBPAIO 

E4 

VSS 

A8 

MAINOSC 

H3 

PDB3B2 

T16 

SBCLK 

A16 

SBPAl 1 

D3 

VSS 

AlO 

OEO 

T1 

PDB3B3 

R15 

SBDO 

D14 

SBPA12 

E3 

VSS 

A18 

DET 

D2 

PDB3B4 

T17 

SBDl 

B15 

SBPA13 

E2 

VSS 

B2 

OLAO 

U3 

PDB3B5 

T18 

SBD2 

A15 

SBPA14 

F3 

VSS 

B17 

OLAl 

R6 

PDB3B6 

R16 

SBD3 

D13 

SBPA15 

El 

VSS 

HI 

OLBO 

R5 

PDB3B7 

P15 

SBD4 

C14 

SBPA16 

G4 

VSS 

K1 

OLBl 

U6 

PDB4C0 

R18 

SBD5 

B14 

SBPA17 

F2 

VSS 

K18 

OLCO 

T4 

PDB4C1 

P16 

SBD6 

C13 

SBPA18 

G3 

VSS 

U2 

OLCl 

T6 

PDB4C2 

P17 

SBD7 

A14 

SBPA19 

FI 

VSS 

U18 

OLDO 

U4 

PDB4C3 

P18 

SBD8 

D12 

SBPA20 

H4 

VSS 

VI 

OLDl 

V6 

PDB4C4 

N15 

SBD9 

B13 

SBPA21 

G2 

VSS 

V8 

OLEO 

V4 

PDB4C5 

N17 

SBDIO 

C12 

SBPA22 

G1 

VSS 

VIO 

OLEl 

R7 

PDB4C6 

N16 

SBDll 

A13 

SBPA23 

H2 

VSS 

V17 

OLFO 

T5 

PDB4C7 

N18 

SBD12 

Dll 

SBRD 

D6 

WEO 

R2 

OLFl 

U7 

PDB5D0 

M17 

SBD13 

B12 

SBRESET 

J2 

WEI 

P3 

OLGO 

U5 

PDB5D1 

M16 

SBD14 

Cll 

SBSEL 

B16 

WRO 

R8 

OLGl 

T7 

PDB5D2 

M18 

SBD15 

A12 

SBSIZO 

D7 

WRl 

V12 

OLHO 

V5 

PDB5D3 

L15 

SBD16 

DIO 

SBSIZl 

A5 

WR2 

T12 

OLHl 

V7 

PDB5D4 

L17 

SBD17 

Bll 

SBSIZ2 

C6 

WR3 

R14 

PDB080 

U8 

PDB5D5 

L16 

SBDl 8 

CIO 

SCKl 

N4 

WR4 

R17 

PDB081 

T8 

PDB5D6 

K17 

SBD19 

All 

SCKO 

P2 

WR5 

M15 

PDB082 

U9 

PDB5D7 

K15 

SBD20 

BIO 

TESTMODE V3 

WR6 

J17 

PDB083 

R9 

PDB6E0 

K16 

SBD21 

B9 

VAO 

F15 

WR7 

H16 

PDB084 

UlO 

PDB6E1 

H18 

SBD22 

C9 

VAl 

D18 

N/C 

C5 

PDB085 

T9 

PDB6E2 

H17 

SBD23 

B8 

VA2 

D17 

N/C 

LI 

PDB086 

Vll 

PDB6E3 

G18 

SBD24 

D9 

VA3 

D16 



PDB087 

Ull 

PDB6E4 

J16 

SBD25 

A7 

VA4 

E15 
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Figure 8.12 
164845 223-pin CPGA 
Mechanical Drawing 

Top View 


Side View 



^Q1 (Note 4) 
Detail A - 


^Capacitor Pad 
(15 Places) 


A2(Note5) 

A 


Bottom View 
- 


D3 

D1 


©©©©©©© 00 ©©©©©©©©© ©■ 
0#©0©©0O0©00@©©0©#0 
©©©©© 0 ©©©©© 0 ©©©©©©© 
0 ©©©©©© 0 ©©©©©©©© 0 ©© 
© © © © © ©©©©© ©©©©I© ©000 

©©©©©I I©©©©© 

© 0 ©©© ©©© 0 © 

© 0 ©©© ©©© 0 © 

© 0 ©©© ©©© 0 © 

© 0 ©©© ©©© 0 © 

© 0 ©©© © 0 ©©© 

©0©©© ©©©©0 

© 0 ©©© © 0 ©©© 

©©©©©1_I ©©©©© 



©©©©©©©©©©©©©©©©©©© 
©©©©©©©©©©©©©©©©©©© 
©©©©©©©©©©©©©©©©©©© 
©•©©©©©©©©©©©©©©©•© 
. ©©©©©©©©©©©©©©©©010 


El E3 


Dimension 

0513 

Dimension 

003 

■ 

Min 

EESi 

El 

Max 

0501 

B 


HBBl 

m 

uu 

0931 

■ 

Max 

0.091 

E3 

Ref 

1.800 1 

IBI 

dBi 

qOB 


E^B 

0^3 


1201 


G 

CBS! 


A2 


1531 


CSS 

^99 


Max 


H 

Max 


■ 

Min 

0591 

1 

Max 

0.140 1 

B 

UHSl 

Q3SI 

B 

l!Mi 

mi 

1 

Max 


■ 

CSB 

EBSI 


Min 

0.042 


CSS 

QOI 

b1 

CB 

EES3 

■ 

CSS 

059 


CSS 

l^SI 


1201 

1501 

CM 

JQ 

Ref 

1551 

LI 

uuoi 


■ 

IBM 

DBI 


ITWl 

ESI 

B 

EBB 

mol 

B 

QOi 

DS 

■ 

Max 

1.964 

Ml 

Ref 

0.80 




B 

lOi 

im 

D2 

Max 

0.870 

N1 

Ref 

0.85 1 


Ref 

1.800 

Q1 

Min 


B 

BB 

QIES 





Min 

1.956 




E 

Norn 






CSS 

mi 





Detail A 


1 2 3 4 5 6 7 8 9 1011 1213141516171819 \ Standoff Pin 

(4 Places) 

Note: 

1. Drawing is not to scale. 

2. Size of array is 19x19. Corner detail and index mark are LSI Logic Corporation options. 

3. Total number of pins is 279. 

4. Envelope for maximum lid. 

5. Envelope for integral heat slug. 

6. For board layout and manufacturing, you may obtain engineering drawings from your LSI Logic 
Products marketing representative by requesting the outline drawing for package code NZ. 
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Appendix A 
Schematics 


This appendix shows the wiring for the SGX card. 
Figure A.l shows a block diagram with signal names. 
The following figures show the schematics; 

■ Figure A.2 - Bus Interface/Frame Buffer Control 

■ Figure A.3 - Video Memory 

■ Figure A.4 - Video/Monitor Control 

■ Figure A.5 - Sbus Interface 
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Figure A. 1 
SGX Card Signal 
Block Diagram 


To CPU Platform 
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Figure A.2 
Bus Interface/Frame 
Buffer Control 
Schematic 
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Figure A.3 
Video Memory 
Schematics 
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Figure A4 
Video/Monitor 
Control Schematic 
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Figure A.5 
SBus Interface 
Schematics 



Appendix B 
SGX Card 


This appendix describes the SGX card. It is divided into two sections: 

■ Section B.l, Overview, describes the SGX card, shows its layout and 
lists supporting hardware platforms. 

■ Section B.2, SGX Card Specification Summary, describes the phys¬ 
ical specifications for the SGX card. This section also contains a block 
diagram of the video memory architecture. 


B.1 

Overview 


Figure B.l shows the SGX card layout. 

The L64845 SGX Sbus Graphics Accelerator Manufacturing Kit contains: 

■ Schematics 

■ Gerber files 

■ Drill and aperture information 

■ Assembly and fabrication drawings 

■ Bill of materials 

■ EPROM Forth code 

Order Code: KT-999-MFGGX1 


LSI Logic provides a Manufacturer’s kit for an SGX SBus Graphics Accel¬ 
erator card. The card is a single-wide (146.7 mm long by 83.82 mm wide) 
SBus expansion card that conforms to Sun’s single-wide Sbus card speci¬ 
fication and can be used either with the 66 MHz or the 76 MHz Sun color 
monitor. It is 100% software backward compatible with the SPARCstation 
GX graphics accelerator cards from Sun Microsystems. 
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Figure B.1 
SGX Card Layout 



B-2 


SGX Card 















The SGX is supported on the following SBus based SPARCstations and 
SPARCsystems: 

■ SPARCstation 1 

■ SPARCstation 1+ 

■ SPARCstation 2 

■ SPARCstation IPC 

■ SPARCstation IPX 

■ LSI SparKIT 

Refer to the GX Installation Guide for SGX configuration options. 


B.2 

SGX Card 

Specification 

Summary 

This section describes the physical specifications for the SGX card and 
shows a block diagram of the video memory architecture. 

Physical 

Single slot board. 

Specifications 



Length: 146.70 mm. 


Width: 83.82 mm. 


Weight: 5.7 oz. 


Electrical Current: 1 amp (typical), 1.5 amps (worst case) 

Specifications 

Power Requirements: +5 volts ±5% 


Heat dissipation: 5 watts (approximate) 

Load Condition: Running special code designed for exercising the frame 
buffer to the maximum power (not typical of normal applications). 
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Environmental 

Specifications 

Temperature range: Between 32 and 104 degrees Fahrenheit (0 and 40 
degrees Celsius). 

Humidity: Between 5% and 80% (relative noncondensing) 

Altitude: Between 0 and 10,0(X) feet (0 and 3048 meters) 

Reliability 

MTBF: 163,000 hours 

MTTR: 30 minutes 

Performance 

Assuming 23 MHz (92.9405 MHz/4) clock and 1152 x 900 resolution: 

Horizontal fill: 120 Mpixels per second 

Vertical fill: 4.8 Mpixels per second 

Vector and Polygon Performance: Depends on the CPU platform and soft¬ 
ware efficiency. 

DAC 

Bt458 compatible. 

Resolution 

1152x900 @66 Hz 

1152x900 @76 Hz 

Interface 

Requirements 

Connector type: SBus 


Agency FCC Class B 

Certification 

DOC Class B 

VCCI Class 2 

UL 

CSA 

TUV 
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Compatibility 

SBus compatible. 

Memory Devices 

Uses eight 128k x 8 100 ns VRAMs. 

Refer to Chapter 5, “Memory Interfaces,” for additional information. 

Component 

Packaging 

The SGXIC is packaged in a ceramic 223-pin grid array package. 

Two alphanumeric pin identification schemes have been used on the card. 

■ Pins are numbered from 2 through 224 on the 18 x 18 grid. There is no 
pin 1 on the chip or on the socket Pin 1 is intentionally omitted to 
eliminate any possibility of misalignment Pin 2 is the leftmost pin in 
the comer on the top row (near the SBus connector) on the component 
side. 

■ Pins can be identified with their relationship to the alphanumeric rows 

1 to 18 and A to V. 

Video Timing 
Diagrams 

See Chapter 6, “Video Interface.” 

Video Memory 
Architecture 

1MB consisting of eight 128K x 8 VRAMs. 

Figure B.2 shows the SGX video memory architecture. 
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Figure B.2 

SGX Video Memory 

Architecture 
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Appendix C 
Bt458 RAMDAC 


C.1 

General 

Description 


This appendix describes the Bt548 RAMDAC. It is divided into five 

sections: 

■ Section C.l, General Description, briefly describes the Bt458 
RAMDAC. 

■ Section C.2, Functional Description, describes the functionality of 
the Bt458 RAMDAC with specific reference to its use on the SGX 
card. 

■ Section C.3, Logic Symbol, shows the Bt458 RAMDAC’s logic 
symbol. 

■ Section C.4, Signal Descriptions, describes the Bt458 RAMDAC 
interface signals. 

■ Section C.5, Programming the RAMDAC, describes how to write to 
the RAMDAC registers. 

See the Brooktree Product Databook for more information on the Bt458. 

Chapter 6, “Video Interface,” describes the DAC interface to the 

RAMDAC. 


The Bt458 RAMDAC, made by Brooktree Corporation, is a palette digital- 
to-analog converter specifically designed for high performance and high 
resolution color graphics. It contains an input buffer (pixel data registers) 
and a 256 x 24 color lookup table (CLUT) with three 8-bit video D/A con¬ 
verters. The video outputs generate RS-343A compatible RGB video sig¬ 
nals that drive doubly-terminated 75-ohm coaxial cable. EMI low-pass 
filters may be used on the outputs. The RAMDAC contains an input mul¬ 
tiplexer, blink and read mask logic, a 4 x 24 overlay table, and CPU inter¬ 
face logic. 
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C.2 

Functional 

Description 


CPU Interface 


Table C. 1 
CPU Access Type 


This section describes the functionality of the Bt458 RAMDAC with par¬ 
ticular reference to video and frame buffer interfaces, internal multiplex¬ 
ing, color selection, and I/O signals as used on the SGX card. 

The RAMDAC loads four pixels from the VRAM into the input buffer 
over pixel data lines PA[7:0] through PD[7:0] on the rising edge of the 
23.24 MHz (43 nS) load clock (LDCLK). PE[7:0] is connected to ground. 
Then it serially reads these pixels out of the input buffer through a four-to- 
one multiplexer using the 92.9405 MHz pixel clock (CLKP). The GLUT 
maps each of the pixels in the serial stream to a physical color. The three 
DACs process the digital output of the GLUT to create an RS-343A com¬ 
patible RGB analog output. 

The Bt458 can simultaneously display 256 (2^) colors out of an available 
set of 16.8 million (2^^) colors. Additional features include programmable 
blink rates, bit plane masking, blinking, color overlay capability, and a 
dual-port color palette RAM. 


The CPU accesses the GLUT and the internal registers of the RAMDAC 
via the CPU interface. Table C.l shows how SBPA[3:2] determines the 
access type. 

SBPA3 SBPA2 Type of Access 

0 0 Address Register AR[7;0] 

0 1 Look-Up Table 

1 0 Control Registers 

1 1 Overlay Registers 


An 8-bit Address Register, AR[7:0] generates addresses for the Color 
Memory locations and the Control Registers. This register increments at 
the end of each third (blue) access, when SBPA2 = 1, so that the CPU does 
not have to rewrite it. The Address Register operates as shown in Table 


C.2. 
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Table C.2 
Address Register 


Table C.3 

Color Byte Access 


Frame Buffer 
(VRAM) Interface 


AR[7:0] 

SBPA3 

SBPA2 

Location or Register Addresses 

OxOO-OxFF 

0 

1 

GLUT location 00 through FF 

0x00 

1 

1 

Overlay Register 0 

0x01 

1 

1 

Overlay Register 1 

0x02 

1 

1 

Overlay Register 2 

0x03 

1 

1 

Overlay Register 3 

0x04 

1 

0 

Read Mask Register 

0x05 

1 

0 

Blink Mask Register 

0x06 

1 

0 

Command Register 

0x07 

1 

0 

Test Register 


■ A modulo 3 counter (ARb, ARa) controls which color byte of the 24- 
bit Color Memory word the R AMD AC accesses. (The CPU cannot 
access this counter.) It increments at the end of each CPU access with 
SBPA2 = 1 (signifying a color operation) and is reset to zero at the end 
of each CPU access with SBPA2 = 0 (signifying a control register 
operation). This counter controls color as shown in Table C.3. 

ARb ARa Color Byte Being Accessed 

0 0 Red 

0 1 Green 

1 0 Blue 


The frame buffer (VRAM) sends pixel data to the RAMDAC input buffer. 
The rising edge of the 23.24 MHz clock (LDCLK) loads the following sig¬ 
nals into the input buffer: 

■ Pixel data inputs P[D:A] [7:0] from the VRAM 

■ The eight overlay data inputs, OL[D:A][l:0], from the SGX 

■ Blank from the SGX 

Pixel data inputs, PE[7:0], overlay data inputs, OLE[1:0], and combined 
sync signal, SYNC, are all connected to ground on the SGX card. 

The 92.9405 MHz pixel clock (CLKP) gates the four pixel bytes out of the 
Input Multiplexer in series, thus providing a four-to-one multiplexing of 
the pixel bytes. (The pixel clock frequency is four times that of the load 
clock.) The multiplexer outputs pixel PA[7:0] first, then PB[7:0], PC[7:0], 
and PD[7:0]. It then repeats this cycle with the next four bytes loaded from 
the VRAM. 
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Internal 

Multiplexing 


Color Selection 


Note that the eight overlay data signals are also multiplexed four-to-one. 
Thus the multiplexer outputs OLAx first, then OLBx, OLCx, and OLDx. 

When LDCLK and BLANK rise, the color and overlay data for four con¬ 
secutive pixels are latched into the RAMDAC via the pixel select inputs, 
P[D: A][7:0]. LDCLK is used to clock external circuitry and to generate the 
basic video timing. SYNC is connected to ground. 


LDCLK may be phase shifted from CLKP by any amount to simplify the 
frame buffer interface timing. On the SGX card, LDCLK is derived exter¬ 
nally by dividing CLKP by four. This should be independent of the propa¬ 
gation delays of the LDCLK generation logic. As a result, the pixel and 
overlay data are latched on the rising time of LDCLK, independent of the 
phase of CLKP. 

Internal logic maintains an internal load signal, synchronous to CLKP, that 
is guaranteed to follow LDCLK by at least one, but not more than four 
clock cycles. This load signal transfers the latched pixel and overlay data 
into a second set of latches which are then internally multiplexed at the 
clock rate (up to 125 MHz). 

Since 4:1 multiplexing is specified in the SGX card implementation, only 
one rising edge of LDCLK should occur every four clock cycles. Other¬ 
wise, the internal load generation circuitry assumes that it is not locked 
onto LDCLK and continuously attempts to resynchronize itself. 


On the rising edge of the clock cycle, the Read Mask Register, the Blink 
Mask Register, and the Command Register process eight bits of color 
information, Px[7:0], and two bits of overlay information, OLx[l:0], for 
each pixel x. The RAMDAC uses this information to select an entry in the 
CLUT or an Overlay Register. Display of individual bit planes may be 
enabled or disabled via the control registers. Individual bit planes may also 
be blinked at one of four blink rates and duty cycles. 

The eight-bit Read Mask Register selectively enables or disables bit planes 
from being presented to the CLUT. The eight-bit Blink Mask Register 
selectively enables or disables blinking of a bit plane. Bits four and five of 
the Command Register determine the blink-rate duty cycle. The 
RAMDAC increments the counter that generates the internal blink clock 
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Table C.4 
Color Palette and 
Overlay Selection 


Overlay Color 
Selection 


Table C.5 
Overlay Register 
Seiection 


during the vertical retrace intervals. These intervals are detected when 
BLANK is low for a period of at least 256 load clock cycles. 

Table C.5 shows how to select the color palette or overlay. 


BU6^ 

OLxl 

OLxO 

Px[7:0] 

Palette Entry Addressed 

1 

0 

0 

0x00 

Color Palette Entry $00 

1 

0 

0 

0x01 

Color Palette Entry $01 

1 

0 

0 

OxFF 

Color Palette Entry $FF 

0 

0 

0 

Oxxx 

Overlay Color 0 

X 

0 

1 

Oxxx 

Overlay Color 1 

X 

1 

0 

Oxxx 

Overlay Color 2 

X 

1 

1 

$0xxx 

Overlay Color 3 


1. Bit 6 of Command Register 


The two overlay bits in the four 24-bit Overlay Registers allow selection 
of four different overlay colors. Bits zero and one of the Command Regis¬ 
ter act as a read mask, and bits two and three act as a blink mask on the 
overlay inputs. Thus an overlay output (OVLADDRO or OVLADDRl) is 
present only when the corresponding read mask bit and blink mask bit are 
true. When the blink mask is enabled, an internal blink clock turns the 
overlay output off and on. 

Table C.6 shows how to use the overlay outputs to select the Overlay Reg¬ 
ister. Note that when OVLADDRl = 0 and OVLADDRO = 0, bit six of the 
Command Register selects between Overlay Register 0 and the CLUT out¬ 
put addressed by the eight pixel bits. 

OVLADDRl OVLADDRO Bit 6^ = 0 Bit 6^ = 1 

0 0 Overlay Register 0 CLUT 

0 1 Overlay Register 1 Overlay Register 1 

1 0 Overlay Register 2 Overlay Register 2 

1 1 Overlay Register 3 Overlay Register 3 

1 . Bit 6 of Command Register. 

The OL[D:A][1:0] overlay select inputs are latched on the rising edge of 
LDCLK. On the SGX card, the OLE[1:0] inputs are connected to ground. 
The overlay select inputs, in conjunction with bit six of the Command Reg¬ 
ister, specify which palette is to be used for color information. See Table 
C.7 for details. 
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Table C.6 
Palette Selection 


OLxl OLxO Bit 6^ Palette 


0 0 1 GLUT 

0 1 1 Overlay Color 1 

10 1 Overiay Color 2 

11 1 Overlay Color 3 

I. Bit 6 of Command Register. 


Video Generation During each pixel clock cycle, the RAMDAC sends 24 bits of information 

from either the GLUT or an Overlay Register to the three 8-bit DACs. 
These DACs convert the color memory digital output into RGB RS-343A 
analog signals for the red, green, and blue guns of the monitor. 

On the SGX card, BLANK is routed to all three DACs through a pipeline 
delay circuit that delays this signal the same amount that the video stream 
is delayed. SYNC (connected to ground) goes only to the Green DAC. 


C.3 Figure C. 1 shows the logic symbol for the Bt458 RAMDAC. In the figure. 

Logic Symbol a bar over the signal name indicates the signal is active LOW. Arrows indi¬ 

cate whether the signal is an input or an output. 


Figured 
Bt458 Logic Symbol 
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C.4 This section describes the interface signals of the Bt458 RAMDAC chip. 

Signal The signal input or output direction is relative to the Bt458 chip, not to the 

Descriptions SGX chip. 

AVCC Analog Power Input 

The VAA inputs with this signal are connected to +5 VDC. 

BLANK Video Blank Input 

The video blank input connects to the composite video blank out¬ 
put from the SGX chip. A logic zero drives the analog outputs to 
the blanking level. It is latched on the rising edge of LDCLK. 
When BLANK is a logical zero, the pixel and overlay inputs are 
ignored. It overrides the color pixel and overlay data to force the 
red, green, and blue video output signals to their blanking levels. 
Blanking is required during the monitor’s vertical and horizontal 
retrace period. 

BLUE Blue Video Output 

The blue video current output is a high-impedance current source 
capable of directly driving a doubly-terminated 75-ohm coaxial 
cable. 

CLKP, CLKN Differential Clock Inputs Input 

The differential clock inputs are generated from the SGX output 
signal, DOTCLK. These differential clock inputs are designed to 
be driven by ECL logic configured for single supply (+5 V) oper¬ 
ation. This clock rate is the pixel clock rate of the system. 

COMP Compensation Pin Output 

The compensation pin provides compensation for the internal ref¬ 
erence amplifier. A 0.01 |iF ceramic capacitor must be connected 
between this pin and VAA. 

CSDAC Chip Select Palette Input 

This signal, from the SGX chip, connects to the RAMDAC chip 
enable control input (CS in the schematics, CE in the Brooktree 
Product Databook), This chip-select signal enables the CPU 
Interface logic. Data on the Local Data bus SBD[31:24] is inter¬ 
nally latched on the rising edge of CSDAC during writes. This 
input must be a logical zero to enable data to be written to or read 
from the RAMDAC. 
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FSADJUST 


GND 

GREEN 

LDCLK 

OL[E:A][1:0] 

P[E:A][7:0] 


Full-Scale Adjust Control Input 

This signal provides full-scale adjust control. A resistor (RSET) 
connected between this pin and GND controls the magnitude of 
the full scale video signal. Using the oscilloscope, the voltage at 
this pin should be approximately equal to the voltage at the VREF 
pin. The relationship between RSET and the full scale output cur¬ 
rent on GREEN is: 

RSET (ohms) = 11,2 94 * VREF (V) / GREEN (itiA) 

The full scale output current on RED and BLUE for a given 
RSET is: 

RED, BLUE (itiA) = 8067 * VREF (V) / RSET (ohms) 

Analog Ground Input 

All inputs with this signal are connect to ground. 

Green Video Output 

The green video current output is a high-impedance current 
source capable of directly driving a doubly-terminated 75-ohm 
coaxial cable. 

Load Control Input Input 

The load clock output from the SGX chip, connects to the 
RAMDAC load control input, LD. This signal is one-fourth the 
rate of the pixel clock frequency, CLKR On the SGX card 
P[D:A][7:0], OL[D:A][1:0], and BLANK are latched on the 
rising edge of LDCLK while SYNC, PE [7:0] and OLE [1:0] are 
connected to ground. 

Overlay Select Input 

The overlay select inputs connect to the SGX overlay plane out¬ 
puts. They are latched on the rising edge of LDCLK, and in con¬ 
junction with bit 6 of the Command Register, specify which 
palette is to be used for color information. On the SGX card, 
OL[D: A][ 1:0] are used for the cursor, and OLE[ 1:0] is connected 
to ground. 

Pixel Select Input 

The pixel select inputs connect to the pixel outputs from the 
VRAM. These inputs are used to specify, on a pixel basis, which 
one of the 256 entries in the color palette RAM provides color 
information. On the SGX card, four consecutive pixels (eight bits 
per pixel) are input through this port. Pixel data are latched on the 
rising edge of LDCLK. Note that PA[7:0] is output first, followed 
by PB[7:0], and so on, until all four pixels have been output. Then 
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the cycle repeats. On the SGX card, P[D:A][7:0] are used for 
pixel data, and PE[7:0] is connected to ground. 


RED 


SBD[31:24] 


SBPA[3:2] 


SBRD 


SYNC 


VREF 


Red Video Output 

The red video current output is a high-impedance current source 
capable of directly driving a doubly-terminated 75-ohm coaxial 
cable. 

Data Bus Bidirectional 

The data bus signals connect to the RAMDAC data bus, D[7:0]. 
Data is transferred between the SBus and the RAMDAC over this 
eight bit bidirectional data bus. DO is the least significant bit. 

Command Control Input 

These signals, from the Sbus physical address lines, drive the 
RAMDAC command control inputs C[1:0]. They specify the 
type of read or write being performed and are latched on the fall¬ 
ing edge of CSDAC. 

Read/Write Input 

This signal, the Sbus Read/Write, drives the RAMDAC R/W 
input. This signal is the read/write control input. To write to the 
RAMDAC, both CSDAC and SBRD must be a logical zero. To 
read from the RAMDAC, CSDAC must be a logical zero and 
SBRD must be a logical one. SBRD is latched on the falling edge 
of CSDAC. 

Synchronization Control Input 

This signal is the composite sync control input. 

On the SGX card, this input is connected to ground. This connec¬ 
tion (logical zero) switches off a current source on the G output. 
(Note that the SGX signal, CSYNC, is routed to the video con¬ 
nector.) 

Voltage Reference Input 

An external reference circuit must supply the voltage reference 
input with a 1.235V (typical) reference. A 0.01 |IF ceramic 
capacitor must be used to decouple this input to VAA. The use of 
a resistor network to generate the reference is not recommended 
as any low frequency power supply noise on VREF will be 
directly coupled onto the analog outputs. 
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C.5 The user can access and program the following RAMDAC registers: 

Programming Address, Command, Read Mask, Blink Mask, and Test. 

the RAMDAC 

Address Register When SBPA3 and SBPA2 are both zero the Bt458 accesses the Address 
Register. If SBRD is low, local data bus lines SBD[31:24] are loaded into 
the Address Register. If SBRD is high, the contents of the Address Register 
are loaded onto local data bus lines SBD[31:24]. 

Command The Command Register is an eight-bit register located at address 0x06. 

Register Table C.8 describes this register. 

Table C.7 

Command Register 

Bit Name Definition Description 

1 Multiplex 0 = 4:1 Multiplexing On the SGX card, this bit is set to zero for 4:1 multiplex- 

Select 1 = 5:1 Multiplexing ing pixel and overlay data. 

6 RAM Enable 0 = Use Overlay Color Zero When the overlay select bits are zero, this bit specifies 

I = Use Color Palette RAM whether to use the color palette RAM or overlay color 

zero to provide color information. The default for this bit 
is one. 

5,4 Blink Rate 00 = 1.024 Seconds (75/25) These two bits specify the blink rate cycle time and duty 

Selection 01= 0.512 Seconds (50/50) cycle of the internal blink clock (assuming a 60 Hz non- 

10= 1.024 Seconds (50/50) interlaced or 30 Hz interlaced refresh rate). For applica- 

II = 2.048 Seconds (50/50) tions having other refresh rates (i.e., 57 Hz non¬ 

interlaced) the blink rate is determined by scaling the 
specified values (i.e., multiplying by 57/60). The num¬ 
bers in parentheses specify the duty cycle (% on/off). 
The default for these bits is zero. 

When set to one, this bit forces the OLxl inputs to tog¬ 
gle between logical zero and the input at the blink rate 
selected prior to palette selection. A value of logical zero 
does not affect the value of OLxl inputs. To make the 
overlay bit plane one blink, bit one of the Command 
Register must be set to a logical one. The default for this 
bit is zero. 

When set to one, this bit forces the OLxO inputs to tog¬ 
gle between logical zero and the input at the blink rate 
selected prior to palette selection. A value of logical zero 
does not affect value of the OLxO inputs. To make the 
overlay bit plane zero blink, bit zero of the Command 
Register must be set to a logical one. The default for this 
bit is zero. 


3 OLxl Blink 0 = Disable Blinking 
Enable 1 = Enable Blinking 


2 OLxO Blink 0 = Disable Blinking 
Enable 1 = Enable Blinking 
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Table C.7 (Continued) 

Command Register 

Bit Name Definition Description 


1 


OLxl Display 0 = Disable 
Enable 1 = Enable 


0 OLxO Display 0 = Disable 
Enable 1 = Enable 


When set to zero, this bit forces the OLxl inputs to a 
logical zero before selecting the palettes. When set to 
one, it does not affect the value of the OLxl inputs. The 
default for this bit is one. 

When set to zero, this bit forces the OLxO inputs to a 
logical zero before selecting the palettes. When set to 
one, it does not affect the value of the OLxO inputs. The 
default for this bit is one. 


Read Mask The Read Mask Register is an eight-bit register located at address 0x04. It 

Register enables (logical one) or disables (logical zero) pixel bit planes from 

addressing the GLUT. Bit zero masks inputs PAO through PDO, bit one 
masks inputs PAl through PDl, and so on. Overlay plane masking is con¬ 
trolled by bits one and zero of the Command Register as shown in Table 
C.8. 


Blink Mask The Blink Mask Register is an eight-bit register located at address 0x05. It 

Register enables (logical one) or disables (logical zero) pixel bit planes from blink¬ 

ing. Bit zero masks inputs PAO through PDO, bit one masks inputs PAl 
through PDl, and so on. When enabled, the bit plane toggles between its 
original value and logical zero at the selected rate and duty cycle. Overlay 
plane masking is controlled by bits two and three of the Command Register 
as shown in Table C.8. 


Test Register 


Table C.8 
RAMDAC Test 
Register 


The Test Register is an eight-bit register located at address 0x07. It can 
read (back) pixel or overlay data presented to the DACs from the Color 
Memory. Bits seven through four contain color information and bits three 
through zero contain control information as described in Table C.9. 


Test Register Bit Function 


1--A 

Color nibble (4 bits of red, green, or blue) 

3 

0 = Select high nibble 

1 = Select low nibble 

2 

0 = Disable blue data 

1 = Enable blue data 

1 

0 = Disable green data 

1 = Enable green data 

0 

0 = Disable red data 

1 = Enable red data 
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Bits seven through four are defined only when exactly one of bits two 
through zero is enabled. When unused, this register should be initialized to 
0x00. 
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Appendix D 
Customer Feedback 


We would appreciate your feedback on this document. Please copy the fol¬ 
lowing page, add your comments, and fax it to us at: 

LSI Logic Corporation 
Microprocessor Publications 
M/SG-812 
Fax 408.433.8989 

If appropriate, please also fax copies of any marked-up pages from this 
document. 

IMPORTANT: Please include your name, phone number, FAX number, 
and company address so that we may contact you directly for clarification 
or additional information. Thank you for your help in improving the qual¬ 
ity of our documents. 
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Reader's 

Comments 


FAX your comments to: 

LSI Logic Corporation 
Microprocessor Publications 
M/S G-812 
Fax 408.433.8989 


Does the publication meet your needs? 

Yes_ 

No_ 

Is the material: 



■ Complete? 

Yes_ 

No_ 

■ Easy to use? 

Yes_ 

No_ 

■ Written for the appropriate technical level? 

Yes_ 

No_ 


What could we do to improve this document? 


If you found errors in this document, please specify the error and page 
number. If appropriate, please fax a marked-up copy of the page(s). 


Please complete the information below. 

Name _ Date _ 

Telephone _ FAX _ 

Title _ 

Department _ Mail Stop _ 

Company Name _ 

Street _ 

City _ 

State _ Zip _ 

Your feedback is important to us. Thank you for your comments. 
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